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According to USDA-FSIS reports, L. monocytogenes and Salmonella are two
important foodborne pathogens that are prevalent throughout catfish environment.
Channel catfish (Ictalurus punctatus) is the most important aquaculture species in the
United States accounting for more than 60% of its aquaculture production. The objectives
of this study were to determine the effect of strain, temperature concentration on the
growth, survival and biofilm formation of L. monocytogenes and Salmonella using catfish
mucus extract on different food-contact surfaces. Growth and survival of L.
monocytogenes and Salmonella was greater at the higher concentration of mucus extract
at both 10°C and 22°C. In 15 micrograms/ml catfish mucus extract L. monocytogenes and
Salmonella counts increased to 4.5 log CFU/ml after 72 h at 10°C and 5-7 log CFU/ml
counts after 32-48 h at 22°C. In 375 micrograms/ml catfish mucus extract L.
monocytogenes and Salmonella counts increased to 6-7 log CFU/ml counts after 72 h at
10°C and 8-9 log CFU/ml counts after 32-48 h at 22°C. L. monocytogenes and
Salmonella were able to grow and survive for more than 63 days with at least 4-6 log

CFU/ml at 10°C and 6-8 log CFU/ml in 375 micrograms/ml and 15 micrograms/ml of
catfish mucus extract respectively. No differences (P > 0.05) among L. monocytogenes
and Salmonella strains were observed to form biofilms in the presence catfish mucus
extract on the stainless steel surface. The biofilm formation by L. monocytogenes and
Salmonella in catfish mucus extract was less (P < 0.05) on buna-n rubber when compared
to stainless steel, polyethylene and polyurethane surfaces. Therefore, the findings in this
study show that catfish mucus promotes L. monocytogenes and Salmonella to grow and
subsequently form biofilms on different food-contact surfaces also promotes growth and
survival of these pathogens for longer period of time in catfish processing industries.
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CHAPTER I
INTRODUCTION
Catfish has been qualified as the largest aquaculture industry for more than 40
years. According to National Agricultural Statistics Service NASS (2017), the overall
sales for catﬁsh growers in United States in 2016 went up to 6 percent from 364 million
U.S. dollars to 386 million U.S. dollars from the previous year in which Mississippi,
Alabama, Arkansas, and Texas accounted for 96% of the overall sales. Recently, United
States Department of Agriculture (USDA) - Food Safety Inspection Service (FSIS)
catfish risk assessment report prioritized L. monocytogenes and Salmonella spp. as
important foodborne pathogens associated with catfish due to their prevalence on the
product (USDA-FSIS, 2015). Several reports indicated the prevalence of L.
monocytogenes and Salmonella spp. during catfish farming and its processing. L.
monocytogenes was present in 18.4% of catfish and environmental samples that were
collected from catfish processing plants in Alabama, USA (Leung, Huang, & Pancorbo,
1992). L. monocytogenes in catfish processing plant has been commonly isolated from
chiller water tanks, de-heading machines, trimmers, conveyer systems in which chiller
water being the majority source of L. monocytogenes contamination (B. Y. Chen, R. Pyla,
T. J. Kim, J. L. Silva, & Y. S. Jung, 2010). Salmonella strains that were resistant to
certain common antibiotics were isolated from various organs of catfish that were
imported from South East Asia and Thailand (Zhao et al., 2003). The potential source of
1

Salmonella contamination in farm-raised catfish was reported likely due to poor water
quality, farm runoff, fecal contamination from wild animals or livestock, feed processing
under poor sanitary conditions or distribution (Amagliani, Brandi, & Schiavano, 2012;
Pal & Marshall, 2009). A significant higher diversity of pathogenic Salmonella isolates
were also found from naturally occurring biofilms from San Macros River, Texas
(Gaertner et al., 2008). During catfish processing bacterial load from skin and gut
microflora that is present on work surfaces and processing equipment may lead to the
contamination of retail products such as steak, nuggets, skinless and boneless fillets. L.
monocytogenes and Salmonella spp. are capable of adhering and forming biofilms on
different surfaces including stainless steel, concrete, tile, glass, granite, rubber and poly
vinyl surfaces. Properties such as surface (hydrophobicity), wettability, roughness or
smoothness of the surface and other factors such as the growth media, pH, nutrient
availability, temperature and salt concentration influence the attachment of bacteria on to
the surfaces (Borucki, Peppin, White, Loge, & Call, 2003; Soni & Nannapaneni, 2010).
Fish skin is covered by a slimy layer of mucus which acts as a physical, chemical and
biological barrier from infection and the first site of interaction between fish skin cells
and pathogens (Subramanian, Ross, & MacKinnon, 2009). However, a variety of Vibrio
strains were able to grow on fish surface mucus as the sole carbon source which could
facilitate colonization and invasion of the host (Bordas, Balebona, Zorrilla, Borrego, &
Morinigo, 1996). Several published reports indicated the ability of pathogenic and nonpathogenic bacteria to grow as a biofilm in medium containing fish mucus (S. Benhamed,
F. A. Guardiola, M. Mars, & M. Á. Esteban, 2014; Grześkowiak, Collado, Vesterlund,
Mazurkiewicz, & Salminen, 2011; Högfors‐Rönnholm, Norrgård, & Wiklund, 2015;
2

Magari os, Pazos, Santos, Romalde, & Toranzo, 1995). Fish pathogen Flavobacterium
columnare ammended with Atlantic salmon (Salmo salar) mucus was able to grow and
adhere on to a polystyrene surface for up to 24 h (Staroscik & Nelson, 2008). There is
little information on the influence of catfish mucus on the growth and biofilm formation
of L. monocytogens on catfish processing surfaces. Therefore, different objectives of the
present study are:
Objective 1: Determine the growth and biofilm formation of L. monocytogenes
and Salmonella spp. in the presence of catfish mucus extract in different environmental
conditions and to evaluate the efficacy of commercial disinfectants/cleaners for the
reduction of L. monocytogenes and Salmonella biofilms formed on stainless steel surface
containing catfish mucus.
Objective 2: Determine the growth and survival of L. monocytogenes and
Salmonella spp. in the presence of high and low concentrations of catfish mucus extract
when incubated for extended period of time.

3

CHAPTER II
REVIEW OF LITERATURE
2.1

Listeria monocytogenes
Listeria monocytogenes was discovered by a South African born Scientist EGD

Murray in the year 1926 who was a researcher at Medical research council. He isolated
the strain when there was a sudden death of young rabbits in the animal care house in
Cambridge (Murray, Webb, & Swann, 1926). Initially he named as Bacterium
monocytogenes as it characterizes monocytosis, the present name was given by Pirie in
1940 (Gray & Killinger, 1966). Sporadic cases of listeriosis occurred when workers get
in contact with diseased animals, in 1986 Cain and McCann identified a person acquired
L. monocytogenes as a result of contact with cattle in the delivery of a stillborn calf (Cain
& McCann, 1986). During 1980’s a series of listeriosis outbreaks occurred in North
America and Europe as a result of transmission of L. monocytogenes from food
manufacturing and processing plants to various food types including meat, dairy, fish,
shell-fish and vegetable products (Farber & Brown, 1990). Since then L. monocytogenes
was recognized as a severe food-borne pathogen with greater need of emergency.
2.2

Characteristics of L. monocytogenes
L. monocytogenes is a non sporulating rod shaped bacteria with 0.4 µm diameter

and 0.5-2 µm length. This bacterium is Gram positive, facultative anaerobic and it can
grow with wide temperature range between 0-45°C and over a pH range of pH 4.0-9.0.
4

Occasionally, catalase negative strains have also been isolated from clinical specimens
(Bubert et al., 1997; Seeliger & Jones, 1986; Swartz, Welch, Narayanan, & Greenfield,
1991). One study demonstrated the generation time of various L. monocytogenes at 4°C
and 10°C varied between 24.6 to 69 h and 3.5 to 8.6 h, respectively. Another study found
that L. monocytogenes was able to reduce 3 logs in in the presence of fish and shrimp
after three months of freezing at -20 °C (Harrison, Huang, Chao, & Shineman, 1991). It
is able to grow at optimal aw above 0.97 and also as low as 0.90 (Petran & Zottola, 1989;
Yousef, 1999). L. monocytogenes can grow in complex medium with 0-20% (w/v) NaCl,
it can also tolerate at high salt concetrations 25.5 % NaCl. This bacterium was also
isolated from brine used in fish industry (Gudmundsdóttir et al., 2005).
2.3

Lineages and Serotypes
Based on DNA: DNA homology values, 16s rRNA and DNA sequencing

information, Multilocus enzyme analysis, the genus Listeria consists of a number of
species namely L. monocytogenes, L. ivanovii, L. welshimeri, L. seeligeri and L.
innocua. In 2009 two newly species were identified as L. marthii and L. rocourtiae
(Graves et al., 2010; Leclercq et al., 2010) and L. grayi is another species that disantly
relate to other Listeria species (Boerlin, Rocourt, & Piffaretti, 1991). Only two of the
species, L. monocytogenes and L. ivanovii are pathogenic. L. ivanovii is mostly
pathogenic for animals, L. monocytogenes can infect domestic and wild animals and
humans. L. seeliegeri considered as an avirulent species, but it was isolated from atleast
one case of human listeriosis, additionally it carries most of the listerial virulence genes,
including the central virulence regulator PrfA (Gouin, Mengaud, & Cossart, 1994).
5

L. monocytogenes comprises of four evolutionary lineages (I, II, III and IV ) that
represent distant ecologic, genetic and phenotypic characteristics that appear to affect
their ability to be transmitted through foods and to cause human disease (Orsi, den
Bakker, & Wiedmann, 2011). Lineage II isolates carry more plasmids that lineage I
isolates that confer resistance to toxic metals and other compounds found in environment.
Most of the human isolates are associated with lineage I. Lineage III and IV strains occur
rarely but predominantly isolated from ruminants (Orsi et al., 2011). There are 13
serotypes which are classified in to these 4 lineages. Lineage 1 contains 1/2b, 3b, 4b, 4d
and 4e, where as serotype 1/2 a, 1/2c, 3a and 3c are found in lineage 2. Lineage 3 and 4
comprises 4a, 4b and 4c. Over 90% of human listeriosis is caused by serotypes 1/2a, 1/2b
and 4b, frequently isolated food and food production environment belong to serotpe 1/2a
and 1/2b.The majority of human listeriosis outbreaks are caused by 4b serotype
(Swaminathan & Gerner-Smidt, 2007).
2.4

Infection process and pathogenesis of L. monocytogenes
Listeriosis mainly causes infection primarily by ingesting food or water orally

contaminated with L. monocytogenes. Listeriosis causes meningitis, septicaemia and
intra-uterine infection. It also causes milder non-invasive symptoms such as fever,
muscle aches, diarrhea or nausea. Listeriosis occurs during pregnancy at higher rate
brtween 10%-20%, it causes a systemic infection in the unborn or newly delivered infant
(Ramaswamy et al., 2007). Apart from pregnant women, elderly, immunocompromised
and HIV infected individuals are at a high risk for listeriosis (Hamon, Bierne, & Cossart,
2006a).
6

The infective dose to occur listeriosis was reported to be more than 103 CFU/g or
also via daily consumption of food cotaminated with L. monocytogenes between 101-105
CFU/g (Buchanan, Damert, Whiting, & Van Schothorist, 1997). Generally, the
incubation period to cause listeriosis is ranged from 3 to 70 days. It differs by the clincal
form of the disease. For example, pregnancy-associated cases is ranged between 17 to 67
days, for CNS cases 1 to 14 days, for bacteramia was 1 to 12 days and for gastroenteritis
was 24 h (Goulet, King, Vaillant, & de Valk, 2013). There are sequence of stages how L.
monocytogenes causes infection in the host: entry into the host cells, internalization,
escape from the vacuole, actin nucleation, actin based motility and cell-to-cell spread
(Cossart & Lecuit, 1998; Gaillard, Berche, Frehel, Gouln, & Cossart, 1991; Gouin et al.,
1994). When ingested, L. monocytognes cells pass through gastric fluid barrier, reach into
large intestine and starts invading M cells, dendritic cells and epitialial cells (Pron et al.,
2001) . Internalin A and internalin B are the two surface proteins that contribute for the
interaction with host cells surface for the invasion process in the epithilial cells. After
entering host cells, Listeria is captured by host cell intracellular vacuoles and escape to
cytoplasm through secreting toxin (hemolysin) and expression of two proteins known as
phospholipase (PlcA and PlcB) (Gaillard et al., 1991; Sophia Kathariou, 2002). After
escaping, L. monocytogenes begin to invade neighbour host cells depending on presence
of cell surface protein actin assembly inducing protein (ActA) which allows the bacteria
for polymerizing host cell actins and to form tails which can move and assist for
penetration in to host cell membrane (Cossart, 1995; Portnoy, Auerbuch, & Glomski,
2002). Later, L. monocytogenes are translocated to liver and spleen, where macrophages
via phgocytosis destroy most of L. monocytogenes cells by producing nitric oxide and
7

interferons. Finally, surviving L. monocytogenes cells inside liver inactivation are able to
infect hepatocytes and induce systemic infection (S. Kathariou, 2002).
2.5
2.5.1

Prevalence and occurrence of L. monocytogenes in natural environment and
seafood products
Environment
L. monocytogenes is ubiquitous organism and widely distributed in nature. L.

monocytogenes is naturally found in soil (Botzler, Cowan, & Wetzler, 1974). Other
occurrences of L. monocytogenes includes sludge from fish farm (Jemmi & Keusch,
1994), coastal seawaters (Colburn, Kaysner, Abeyta, & Wekell, 1990), seawater, fecal
samples of healthy animals (Weis & Seeliger, 1975) and organs of different kinds of fish,
squid and crustaceans (Wesley, 1999). L. monocytogenes was able to survive in presence
of various water environment’s for several weeks (Botzler et al., 1974) and also survived
by competing with marine flora in seawater in elevated temperatures (Hsu et al., 2005).
2.5.2

Smoked-fish and other
L. monocytogenes has shorter generation times in seafood as compared in meat

products. This was partly due to its capability to grow at pH 6.1-7.6 or pH 5.1-6.2 in
seafood or meat products respectively (Garrido, Vitas, & García-Jalón, 2009). During
processing of seafood products, Listeria can be inactivated completely if present in trace
amounts. However, it can enter into the product via poor sanitation practices or improper
GMP’s. Numerous studies reported on the contamination of seafood or seafood products
with varying amounts of L. monocytogenes. Some of the seafood products include a
variety of smoked based fish such as salmon, rainbow trout, catfish, ready-to-eat (RTE),
salted fish and mussels (Thimothe, Nightingale, Gall, Scott, & Wiedmann, 2004).
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Vaccum-packed smoked fish products such as salmon are considered as ready-to-eat
product, as they are cold-smoked below 20°C for several hours to days and are consumed
without any heat treatment. These products are categorized as ‘high-risk’ as they permit
normal growth conditions for L. monocytogenes such as salt, pH, water activity and
temperature to grow (Refe Garrido 2009). There was approximately 30% of cold smoked
fish contaminated with L. monocytogenes with highest number of cells at 2.5 × 104
CFU/g (Loncarevic, Danielsson-Tham, Gerner-Smidt, Sahlström, & Tham, 1998) and
cold-slated fish was 3.4 × 103 CFU/g (Loncarevic, Tham, & Danielsson-Tham, 1995). In
hot-smoked fish products, L. monocytogenes cells were 1.3 × 103 CFU/g. Other seafood
products include hot-smoked fish, preserved fish, crawfish, shell fish, crab, seafood based
salads and catfish (B.-Y. Chen, R. Pyla, T.-J. Kim, J. L. Silva, & Y.-S. Jung, 2010b;
Farber, 1991). One study reported a high amount of L. monocytogenes with 2 × 109
CFU/g in crab meat that caused a listeriosis outbreak (Farber 2000). L. monocytogenes
was present in smoked mussels with 2 × 106 CFU/g from the patients refrigerator (Farber,
Daley, Mackie, & Limerick, 2000).
2.5.3

Prevalence of L. monocytogenes in channel catfish
Farm raised domestic catfish has been one of the top ten most frequently

consumed seafood products in the U.S. for almost 20 years. Consumption levels over the
past decade have been around 1 pound per person each year. Although catfish are not
ready-to-eat food, L. monocytogenes appear frequently in domestic and imported catfish.
As this Ubiquitous pathogen is capable of establishing in wet and cool food processing
conditions where it is difficult to eliminate (Soni, Nannapaneni, & Hagens, 2010).
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Contamination of catfish products was mainly attributed due to the variability of
temperature and handling of catfish, as L. monocytogenes has the ability to proliferate at
diverse temperature. Other factors include the origin (wild or farmed), season, techniques
used for fishing, hygiene standards in processing plant, packaging, handling, conditions
used for storage. Due to its ubiquitous nature, contamination of seafood can occur during
any stages and succeed to survive until preparation by withstanding varying temperatures,
salt, pH and other environmental conditions (Fernandes, Flick, & Thomas, 1998; K.
Rajkowski, Fratamico, Annous, & Gunther, 2009).
L. monocytogenes was present in 18.4% of catfish and environmental samples
collected from catfish processing plants in Alabama, USA (Leung et al., 1992). Another
study found the occurrence of L. monocytogenes in catfish processing environments
where it had been frequently isolated from chiller water tanks, de-heading machine,
trimmer, conveyer belts while chiller water being the major contributor to L.
monocytogenes contamination (B. Y. Chen et al., 2010).
(Pao, Ettinger, Khalid, Reid, & Nerrie, 2008) found L. monocytogenes on 5.9% of
220 US catfish and 23.5% of 275 catfish fillets purchased locally and retail market
respectively. (Chou, Silva, & Wang, 2006) reported occurrence of 25% to 47% for L.
monocytogenes from three different catfish processing plants due to inadequate
sanitation. (B.-Y. Chen et al., 2010b) reported occurrence of L. monocytogenes in catfish
fillets, food-contact and non-food contact surfaces with frequencies of 45, 12.0, 11.1%
respectively and suggested that processing environment could be the important source of
L. monocytogenes contamination in the catfish fillets as the genotypes were 90% similar
to those isolated after a year from the same food contact surfaces.
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L. monocytogenes isolates belong to serotype 1/2b and 3b were frequently isolated
from catfish processing environments at a rate of 62.2% and 15.6% respectively, whereas
other serotypes 4b, 4e, 1/2c, and 1/2a were detected sporadically (B.-Y. Chen, R. Pyla,
T.-J. Kim, J. L. Silva, & Y.-S. Jung, 2010a). Others reported that L. monocytogenes
serotypes 1/2a, 1/2b, 3b and 4b were isolated from catfish (Chou & Wang, 2006).
Recently, (Alali & Schaffner, 2013) evaluated the prevalence of L. monocytogenes
among listeria spp. in seafood processing plants from previously published data. The
mean prevalence of L. monocytogenes in seafood processing plant was 20, 18.9, and 11.1
on food products, non-food-contact and food-contact surfaces respectively. Listeria spp.
were good indicator for L. monocytogenes only on non-food contact surfaces. L.
monocytogenes or L. innocua catfish isolates from fillets or processing environment were
found to be resistant to antibiotics that are widely used to treat listeriosis (B. Y. Chen, R.
Pyla, T. J. Kim, J. Silva, & Y. S. Jung, 2010). A study differentiated pathogenic and nonpathogenic L. monocytogenes strains isolated from catfish fillets and in tissues of healthy
catfish. Among four isolates CCF1, CCF4, HCC7 and HCC23, HCC23 were found to be
pathogenic and produced virulence factors such as LLO, PC-PLC and PI-PLC (Erdenlig,
Ainsworth, & Austin, 2000).
2.6

Salmonella
Salmonella was first isolated by an American scientist, Dr. Daniel Elmer Salmon,

in 1885. It is a member of the Enterobacteriaceace, facultatively anaerobic, nonsporulating, Gram-negative bacterium and motile by means of flagella. Salmonella is
divided into two species, Salmonella enterica and Salmonella bongori. Both species are
sub divided into serovars. There are six subspecies of S. enterica: S. enterica subsp.
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enterica, S. enterica subsp. Salamae, S. enterica subsp. arizonae, S. enterica subsp.
diarizonae, S. enterica subsp. houtenae and S. enterica subsp. indica. They are able to
grow with a growth range of 5 to 46°C, they are sensitive to low pH (4.5 or below), do
not replicate at Aw 0.94 at a pH 5.5 and below, they can survive relatively at high salt
conditions (Hocking, 2003; Ray & Bhunia, 2007). This pathogen has been isolated from a
large number of animal species including poultry, cows, sheep, pigs, reptiles and birds
(CDC, 2010).
Salmonellosis is an infection caused by Salmonella. There are two different
disease syndromes caused by Salmonella. They are systemic disease and gastroenteritis
with latter is the main cause of food-borne transmission in developed countries. The
amount of Salmonella to cause infection depends on various factors such as virulence of
the serovar and specific to host such as age, health and response towards infection. The
amount of Salmonella to cause infection ranges as just minimum 25 cells or 2 × 109 of S.
Sofia and S. Typhimurium respectively in the human host (Blaser & Newman, 1982). The
symptoms caused by Salmonella can be categorized as two different groups: Salmonella
Typhi/Paratyphi or non-typhoid Salmonella. Symptoms for Salmonella Typhi are enteric
fever (Incubation period ranges from 7 – 28 days), malaise, headache, fever, cough,
vomiting, constipation and abdominal pain. The symptoms for non-typhoid Salmonella
include diarrhea, headaches, nausea and stomach cramps. Patients that are
immunocompromised or elderly aged can lead to bacteraemia, meningitis and possible
death (Incubation period ranges from 7 – 28 days). Transmission of Salmonella to
humans occurs via water or food contaminated with fecal substance. It can also be
transmitted via. Cross contaminated from other products or infected food-handlers. Other
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sources include insects and birds, where Salmonella can be transmitted from the egg to
human (Olgunoğlu, 2012).
2.6.1

Pathogenesis of Salmonella
To cause illness in humans and animals, Salmonella cells have to be ingested

orally. The type of serovar plays an important role on the extent of invasion of the host
cells. For example, In human and animal body, S. Typhimurium infection remains
localized to intestinal and mesenteric lymph nodes while, S. Dublin causes a more
aggressive form of invasion in the host. Essentially the type III Secretion System (TTSS)
is plays an important role for contact dependent secretion and delivery of Salmonella
virulence proteins into the host cells. It uses a cluster of genetic information known as
pathogenicity islands SPI-1 and SPI-2 which transfer effector proteins into the host cells.
The epithelial cells are invaded by SPI-1 while SPI-2 enables Salmonella to replicate
within vacuoles. In addition, SPI-2 cells produce an effector protein SpiC that helps
Salmonella to survive in macrophages during invasion of host (Waterman & Holden,
2003).
2.6.2

Occurrence of Salmonella in aquatic environment and fish products
Salmonella is widely distributed in aquatic environments. Hence, fishery products

are recognized as a major carrier of food-borne pathogens. Salmonella enter the aquatic
environment via wild animals, improper disposal of human and animal wastes, fishes
caught in areas contaminated with fecal matter and processed, packed and distributed
with poor sanitation conditions that are consumed raw or slightly cooked. It was shown
that once Salmonella reaches soil and aquatic environments, it can survive over long
13

periods from months to years and transfer to different hosts (Amagliani et al., 2012;
Kamat et al., 2005; H. S. Kumar, Sunil, Venugopal, Karunasagar, & Karunasagar, 2003;
Winfield & Groisman, 2003). (Olgunoğlu, 2012) described some of the major pathways
of contamination in aquaculture systems with Salmonella such as Non-point water runoff, animals such as domestic animals, frogs, rodents, birds, insects and reptiles,
fertilization of ponds, contaminated feed and water source, on farm primary processing.
2.6.3

Prevalence of Salmonella in channel catfish
Among two important microbiological pathogens associated with catfish,

Salmonella was prioritized as a major pathogen and it is the second most common
violation found in the imported fishery and seafood products (USDA, 2015).
Salmonella is highly prevalent in wildlife and processing environments of catfish.
It’s presence on the final catfish product can be reduced by control of wildlife in the pond
areas and by frequent sanitation in the processing plants followed by effective testing
programs. The potential source of Salmonella contamination in farm-raised catfish is
likely due to poor water quality, farm runoff, fecal contamination from wild animals or
livestock, feed processing under poor sanitary conditions or distribution (Amagliani et al.,
2012; Pal & Marshall, 2009) From FDA inspection reports from imported seafood
products during 1998 to 2004, 27% of refusals accounted for microbial pathogens in
which Salmonella accounted for 67.6% followed by L. monocytogenes with 21.6%
(USDA, 2008).
Salmonella was also isolated from freshwater catfish, catfish ponds and different
organs of catfish such as skin, gills, feces, gut and intestine (Andrews, Wilson, Poelma, &
Romero, 1977; Gaertner et al., 2008; McCoy et al., 2011; Wyatt, Nickelson, &
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Vanderzant, 1979). Antimicrobial resistant strains of Salmonella were also isolated from
catfish that were exported from SE Asia, Thailand and China. Some isolates were
resistant to erythromycin and penicillin (Zhao et al., 2003).
A significant higher diversity of pathogenic Salmonella isolates were also found
from naturally occurring biofilms from San Macros River, Texas (Gaertner et al., 2008).
Survey from FDA during 1990’s showed 2.7% of positive samples for Salmonella from
the domestic and imported seafood. Out of 40 catfish sampled, 10% were positive for
Salmonella, these catfish were aqua cultured. Higher rate of occurrence were found from
domestic channel catfish (21%) and imported Vietnamese basa (41%) (Heinitz, Ruble,
Wagner, & Tatini, 2000). One catfish-associated outbreak was caused by Salmonella
serovar Hadar from a restaurant in New Jersey in 1991 (Center for Science in the Public
Interest (CSPI), 2010).
2.7
2.7.1

Biofilm formation
Steps and Architecture
Biofilms are accumulation of bacterial colonies attached to and growing on a

surface. Biofilm formation is affected by affected by many factors such as specific
bacterial strain, material surface property and environmental properties such as pH,
nutrient availability (Srey, Jahid, & Ha, 2013). There are series of steps for biofilm
formation: (1) Initial attachment, (2) Irreversible attachment, (3) Early development of
biofilm architecture, (4) Maturation, and (5) Dispersion. Microorganisms succeed to form
biofilm by anchoring a firm 3D, multicellular, complex with self-gathered structure
containing exopolymeric substances (exopolysaccharides, proteins and DNA) (Costa,
Silva, Tavaria, & Pintado, 2013). Biofilms are formed on various seafood’s, food-contact
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and non-food contact surfaces, rock surfaces in rivers, ponds etc. High concentrations of
biofilms formed by bacteria remain stable for longer period of time and become stronger
when they return back to planktonic state.
Among several microorganisms, L. monocytogenes and Salmonella are considered
as threat to seafood industry due to their ability to form biofilms eventually responsible
for causing foodborne infections (Mizan et al., 2015). Biofilm cells are highly resistant to
antimicrobial agents, heat treatment, disinfectants and sanitizers compared to planktonic
counterparts (Castro-Rosas & Escartin, 2005; Healy et al., 2009; Spector & Kenyon,
2012; Van Houdt & Michiels, 2010). Biofilm formation occurs on various seafood’s such
as surfaces of mussel, crab shell, pacific oyster and crabs (Aagesen, Phuvasate, Su, &
Häse, 2013; Cruz & Fletcher, 2011; Reguera & Kolter, 2005). Furthermore, biofilm
formation occurs highly in seafood processing plants, nearly all materials that are
commonly used such as stainless steel, buna-n rubber, rubber, polyurethane, Teflon, glass
and even wood in developing countries (Beresford, Andrew, & Shama, 2001; Bonsaglia
et al., 2014; Chia, Goulter, McMeekin, Dykes, & Fegan, 2009; Doijad et al., 2015; Hood
& Zottola, 1997; Soni & Nannapaneni, 2010; Wong et al., 2010). (Stepanović, Ćirković,
& Ranin, 2004) showed biofilm formation is high on plastic surfaces.
2.7.2

Genes and Protein regulation for biofilm formation
Biofilm formation involves a set of stress factors and proteins where respective

expression of genes takes place. L. monocytogenes undergoes a considerable variation of
protein expression during biofilm formation. For example, ribosomal proteins YvyD and
RspB increasing in the higher concentration of biofilm formation, these proteins are
responsible for detecting changes in environmental conditions. As L. monocytogenes
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synthesize biofilms, proteins such as SOD and Cysk are upregulated. Other essential
proteins for L. monocytogenes to form biofilm are surface adhrering protein (BapL),
flagellar protein (FlaA), SOS-controller protein (YneA) and internalin (InlA) (Jordan et
al., 2008; S. Kumar et al., 2009; van der Veen & Abee, 2010a). Studies also showed
involvement of a stress Sigma factor sigB (σB), which encodes a transcriptional
regulating factor during stress response and induction of biofilms. It was also shown that
sigB is activated during static and continuous-flow biofilms and was resistant to
quaternary ammonium compounds and peracetic acid (van der Veen & Abee, 2010b).
The agr (accessory gene regulator) has an important role in biofilm formation of L.
monocytogenes. Mutations caused in agrA and agrD among four arg regulators (agrA,
agrB, agrC and agrD) have significantly reduced biofilm formation in L. monocytogenes
as compared to wild type cells. This phenomenon was observed in polystyrene and
stainless steel surfaces when biofilms occurred (Rieu, Weidmann, Garmyn, Piveteau, &
Guzzo, 2007). Previous studies have shown that agfD promoter in Salmonella spp.
involved in biofilm formation under aerobic and nutrient-limited medium (Gerstel &
Römling, 2001; Römling, Rohde, Olsen, Normark, & Reinköster, 2000). Biofilm
formation by persistence strains of Salmonella spp. was correlated with fish-processing
industry and feed factories (Vestby, Møretrø, Langsrud, Heir, & Nesse, 2009). In a study,
biofilms were self-gathered and formed flat or mushroom-shaped 3D structured by
Salmonella spp. on stainless steel surface (Niemira & Solomon, 2005).
2.7.3

Factors affecting biofilm formation
Several factors are associated with growth and biofilm formation by Salmonella

and L. monocytogenes such as strain, serotypes, surface and its property (Hydrophilic or
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hydrophobic) nutrient availability and environmental factors (pH, salt and temperature).
Also, other factors such as natural microflora, water quality in the ponds and processing
plant are positively or negatively affected for biofilm formation. From various studies
described in Table 2.1, it can be concluded that up to an extent surface hydrophobicity
might contribute to promote less attachment by microorganisms but other factors such as
type of bacterial strain, host interaction on the surface, roughness of the surface and
production of polysaccharides has to be taken into account (Oliveira et al., 2006).
2.7.4

Reduction of L. monocytogenes on catfish fillets or catfish processing
environments
Several treatment studies on catfish to control L. monocytogenes have been

reported. Typically physical treatments such as smoking and irradiation, chemical
antimicrobial rinses such as Chlorine, sodium lactate trisodium phosphate were applied.
When irradiation dose applied between 2 or 3 kGy on catfish fillets, 4.8 log CFU/g
reduction was observed upto 24 days (Gawborisut, Kim, Sovann, & Silva, 2012).
Similarly, 3 log CFU/g reduction was observed when L. monocytogenes exposed to
irradiation dose of 2 kGy on both tilapia and catfish (K. T. Rajkowski, 2008). (Mahmoud,
Coker, & Su, 2012) reported that a treatment with 2.0 kGy X-ray on smoked catfish, L.
monocytogenes were below detection limit (<7.0 log CFU/g) upto 35 days at 5°C. (da
Silva et al., 2008) studied the combined smoking treatment with antimicrobials and
antioxidants such as NaCl, ascorbic acid, sodium lactate and rosemery extract upto 6
weeks at ambient temperature. Smoking combined with 3% sodium lactate was effective
than others in controling micriobial population and extending shelflife. Generally
recognized as safe (GRAS) antimicrobial bacteriophage Listex P100 was applied as a
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surface treatment with L. monocytogenes on catfish fillets, around 1.4 to 2.3 log CFU/g
reduction was observed (Soni et al., 2010). Seafood arriving at processing plant might
contain biofilm on their skin surface and may transfer to equipment during processing
(K. Rajkowski et al., 2009). (M. Bal'a, Podolak, & Marshall, 1999; M. F. A. Bal'a,
Podolak, & Marshall, 2000) suggested that microbial load of catfish skin can be
transferred to retail products such as skinless and boneless fillets. (Jangho Kim &
Marshall, 2001) reported 0.9 to >1.9 log CFU/g reduction of L. monocytogenes that were
firmly attached on catfish skin surface when treated with 0.5-2% lactic acid. L.
monocytogenes firmly attached cells on catfish skin with and without mucus were
resistant to 2 to 6% Trisodium phosphate (TSP) suggesting mucus might have slightly
decreased the animicrobial effect of TSP (J. Kim & Marshall, 2002).
2.7.5

Biofilm reduction in seafood processing plant
Biofilms formed in seafood processing surfaces are very challenging to eliminate

completely despite of combined treatments with sanitizers or disinfectants. The most
routinely used sanitizing treatments for biofilm treatments are chemical disinfectants such
as chlorine, quaternary ammonium compounds and alkaline based compounds (Mizan et
al., 2015; Srey et al., 2013). Other strategies to control biofilms are the use of chitosan,
bacteriophages, organic acids, plant extracts, surfactants and essential oils (Mizan et al.,
2015). Several factors contribute for the efficacy of disinfection, such as food residue,
sanitizing surface, temperature, nutrient and water availability (Chmielewski & Frank,
2003; Simões, Simões, & Vieira, 2010). An overview of the literature reporting studies
on the efficacy of disinfectant treatments on biofilms formed by L. monocytogenes and
Salmonella are presented in Table 2.2.
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Factors associated for biofilm formation with Listeria and Salmonella

2

Strain and
serotype
L. monocytogenes

Salmonella

correlated

with (Nilsson, Ross, &
Bowman, 2011)

Strains belonging to serotype 1/2c formed greater (Di Bonaventura et al.,
biofilms than serotype 1/2a, 1/2b or 4b at 37C on 2008)
stainless steel and glass surface

In addition, EPS production was high in the biofilms
that formed at higher level

Strains belonging to Serotype 1/2a formed greater (Borucki et al., 2003)
biofilm than 1/2b and 4b;

Between temperature range (4-37°C), among 63 (Chae & Schraft,
strains of S. enterica, high biofilm producers were 2000)
observed at 22°C

Increased biofilm production
increasing temperature

Si. Factor
Food borne Pathogen Key findings
Reference
No
Biofilm formation was greater at 30-37° C compared (Di Bonaventura et al.,
1
Temperature L. monocytogenes
to 4-10°C or extremely high as 42°C
2008)
Biofilm formation was greatly affected by
temperature of growth media at 30-37°C (Increase in
cell hydrophobicity on surfaces)
Out of 44 L. monocytogenes strains, 30 were motile
at higher temperature (22°C) while only 4 strains
were motile at 12°C.

Table 2.1
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Table 2.1 (Continued)
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Salmonella

L. (Stepanović, Ćirković,
Mijač, & ŠvabićVlahović, 2003;
Stepanović et al.,
2004)

S. Enteritidis, S. Virchow, S. Thompson, S. (Kroupitski, Pinto,
Typhimurium and S. Newport produced more Brandl, Belausov, &
biofilms than S. Hadar, S Poona and S. Amager
Sela, 2009)

S. Agona, S. Montevideo formed greater biofilms (Vestby et al., 2009)
than S. Typhimurium

Salmonella formed more biofilms than
monocytogenes in nutrient limited conditions

Environmental conditions determine the level of
biofilm formation

A high inter strain variability among strains, serotype (Nilsson et al., 2011)
with 1/2a formed higher biofilms.

13 different strains varied significantly for the ability (Chae & Schraft,
to form biofilm on glass surface
2000)

Strains belonging to serotype 1/2c formed greater
biofilms than serotype 1/2a and 1/2b, and 4b was (Norwood & Gilmour,
higher than 1/2a strains on stainless steel surface
2001)

3

Nutrient
availability

Table 2.1 (Continued)
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Salmonella formed more biofilms than
monocytogenes in nutrient limited conditions

Salmonella

Neither the serotype nor the source of the isolates Agarwal et al. (2011)
affected the ability to form biofilms

S. Enteritidis produced more cellulose in the EPS
substances in 1/20 TSB compared to undiluted TSB

L. (Stepanović et al.,
2004)

Greater biofilms formed in TSB-YE compared to (Stepanović et al.,
diluted TSB (1/20-TSB).
2004)

L. monocytogenes

S. agona formed more biofilms than non-typhoidal S. (Bridier, Duboisenterica serotypes
Brissonnet, Boubetra,
Thomas, & Briandet,
2010);
(Díez-García, Capita,
& Alonso-Calleja,
2012)

No relation was between biofilm forming ability of
the S. enterica strains and their serotypes was (Lianou &
established
Koutsoumanis, 2011)

4

Surfaces

Table 2.1 (Continued)
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Salmonella

L. monocytogenes

L. monocytogenes and
Salmonella

Buna-n rubber formed lesser biofilm than stainless (Ronner & Wong,
steel surface
1993)
Salmonella attached best to Teflon, followed by (Chia et al., 2009)
stainless steel, then buna-n rubber and polyurethane

When the incubation period was increased, lesser (Somers & Wong,
attachment was observed on buna-n rubber
2004)

Buna-n rubber had lesser attachment than other (Helke, Somers, &
surface
Wong, 1993)

Hydrophobic surfaces such as plastic and rubber (Bonsaglia et al.,
promote lesser cell attachment compared to 2014)
hydrophilic

Hydrophilic surfaces such as stainless steel and glass (Chavant, Martinie,
had more biofilm attachment than hydrophobic Meylheuc, Bellonsurfaces such as buna-n rubber and plastic
Fontaine, & Hebraud,
2002)

Out of 151 strains of different serotypes 87 were
moderate biofilm produces while 22 were moderate
and 12 were weak strong biofilm producers
Out of 69 S. enterica strains, 35 strains were weak, 22 (Díez-García et al.,
were moderate and 12 strains were strong biofilm 2012)
produces

5
Salmonella

Salmonella

Others
a. pH

b. Salt

Table 2.1 (Continued)
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Highest biofilm formation occurred from low to high
concentration from 0.5, 3.5, 4.5, 6.0, 8.0 respectively

Among 60 S. enterica strains, at pH range (3.8-7.0) (Lianou &
strong biofilm formation occurred at pH 5.5 (35 Koutsoumanis, 2011)
strains).

No significant differences was observed on the
biofilm formation on hydrophilic or hydrophobic
surfaces

Degree of surface hydrophobicity and rough is not a
key factor for attachment on to the surface but (Oliveira et al., 2006)
correlated with type of strain

Stainless steel (3-types)

A-Chlorinated alkaline,
low phosphate detergent
and Peroxide
B-Solvated alkaline and
hypochorite

Bacteriophage P-100

Teflon

QAC, Peroxide

Stainless steel

Rubber (3-types)
Tiles
Polyster

Stainless steel

3-4 log CFU/cm2 reduction

More than 3 log CFU/cm2 reduction by C-B was
observed in biofilms formed by meat residue on
these surfaces

0.3 log CFU/cm2 reduction on these two surfaces
by dipping whereas 1.5-3.0 log CFU/cm2 reduction
after detaching the cells

Non-detectable (ND)

PKC

Chlorine

2 log reduction

Stainless steel

Sodium hypochlorite

Findings

Surface

Reduction of biofilms on various surfaces by L. monocytogenes and Salmonella

Disinfectant or Biofilm
conditions
L. monocytogenes

Table 2.2
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(Soni &
Nannapaneni,
2010)

(Somers &
Wong, 2004)

(Pan, Breidt, &
Kathariou,
2006)

(Norwood &
Gilmour, 2001)

Reference

Polytetrafouroethylene
Stainless steel
Rubber

QAC, SDS and
diethylenetriamine

Poly vinyl chloride and
Stainless steel

Fresh shrimp

High-Pressure CO2

Steam

Ready-to-eat food

Heat

Table 2.2 (Continued)
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Increasing concentration and contact time affected
biofilm counts. In addition, treatment had a
synergistic effect on biofilm reduction below
detection limit

QAC reduced significantly on these surfaces than
other compounds, Combination of various
compounds has a high efficiency on reducing
biofilms

2 log reduction

Effective

(Ban, Park,
Kim, Ryu, &
Kang, 2012)

(Sinde &
Carballo, 2000)

(Wei, Balaban,
Fernando, &
Peplow, 1991)

(Huss,
Jørgensen, &
Vogel, 2000)

PAA was most effective in treating microbial films
followed by carvacrol and chitosan

Stainless steel disks

Chitosan
Carvacrol
PAA

After 10 min treatment, 3% LVA + 2% SDS had
highest effect in reducing biofilms

QAC and lactic acid were more effective in
reducing biofilms than the other compounds

Stainless steel

levulinic acid (LVA) plus
sodium dodecyl sulfate
(SDS)
QAC

Increasing concentration and contact time affected
biofilm counts by reducing 6 logs for 3 h. In
addition, treatment had a synergistic effect on
biofilm reduction below detection limit

Lactic acid
Sodium Hypochlorite
Hydrogen peroxide

Stainless steel
Polypropylene surface

UV- treatment
Dry heat (50°C)

Table 2.2 (Continued)
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(Knowles &
Roller, 2001)

(Chen, Zhao, &
Doyle, 2015)

(Y. M. Bae &
Lee, 2012)

Stainless steel
Polypropylene surface

Poly vinyl chloride and
Stainless steel

Steam
Lactic acid

UV- treatment
Dry heat (50°C)

Stainless steel

Surface

100% to 0% Relative
humidity

Salmonella spp.

Disinfectant or Biofilm
conditions

Table 2.2 (Continued)
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Increasing concentration and contact time affected
biofilm counts by reducing 6 logs for 3 h. In
addition, treatment had a synergistic effect on
biofilm reduction below detection limit

Increasing concentration and contact time affected
biofilm counts. In addition, treatment had a
synergistic effect on biofilm reduction below
detection limit

Relative humidity and attachment form affected
biofilm formation

Findings

Y.-M. Bae,
Baek, & Lee,
2012)

(Ban et al.,
2012)

(Y.-M. Bae,
Baek, & Lee,
2012)

Reference

PVC microtiter plates

Stainless steel

CDC Biofilm reactor

Plastic

QAC

levulinic acid (LVA) plus
sodium dodecyl sulfate
(SDS)
QAC
Lactic acid
Sodium hypochlorite
Hydrogen peroxide

Sodium Hypochlorite
Sodium Hydroxide and
QAC

Hypochlorite

Table 2.2 (Continued)

29

The order of biofilm formation was Plastic, cement
and steel from high to low. Biofilm cells were
highly resistant than planktonic cells

Sodium Hydroxide was most effective in reducing
biofilms than other compounds

Lactic acid and Sodium Hypochlorite were
effective in reducing biofilms than other
compounds

After 10 min treatment, 3% LVA + 2% SDS had
highest effect in reducing biofilms

Bacterial resistance was increasing with increasing
biofilm formation (In presence of sub-MIC)

(Joseph, Otta,
Karunasagar, &
Karunasagar,
2001)

(Corcoran et al.,
2014)

(Chen et al.,
2015)

(Ebrahimi et al.,
2015)

Polystyrene

Stainless steel

QAC
Sodium hypochlorite
PAA and H2O2

Combination of oxidative
treatments such as sodium
hypochlorite, H2O2 and
Copper sulphate

Cement
Stainless steel

Iodophor

Table 2.2 (Continued)
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Even at low concentrations, there was a synergistic
action of these compounds in removing biofilms

More Salmonella cells were destroyed compared to
Listeria when these pathogens were in dual species
in sessile form. The viable cells were high with
Listeria compared to Salmonella

Plastic and cement were more resistant when
treated with iodine. Stainless steel was more
sensitive with both the compounds

(Olmedo et al.,
2015),

(Olmedo,
Grillo-Puertas,
Cerioni,
Rapisarda, &
Volentini, 2015)

2.8

Catfish Processing
US farm raised catfish are harvested when fish reach 18-36 months weighing live

about 2-3 lbs. Fish are transferred into baskets and placed into aerated tank trunks for
processing to plant located with in close proximity geographical distance from the ponds.
In the plant, fish undergo a step-by-step process to produce a final product a steak, fillet,
strips or nuggets. Generally, channel catfish steaks are processed from a large fish into
cross section pieces followed by individually quick frozen (IQF) or packed in ice. Other
products mentioned above are derived from the remaining cuts. A detailed procedure for
processing of domestic US channel catfish is described in Figure 2.1.

Figure 2.1

Processing steps of Channel catfish fillets (J. L. Silva, Ammerman, &
Dean, 2001)
31

2.8.1

Microbiological Hazards associated with catfish
The tolerable amounts of L. monocytogenes in seafood products varies in different

countries. In the USA, USDA-FDA has established zero tolerance policy to reduce the
level of risks associated with listeriosis. In the European countries acceptable amount is <
100 CFU/g (Farber, 1991). Farm raised channel catfish (Ictalurus punctatus) has been the
largest industry for longer than 40 years. According to the NASS (2015), overall sales for
catfish per year in the United States of America (USA) was around 361 million U.S
dollars while Mississippi, Alabama, Arkansas and Texas accounted for 96% of the
overall sales. According to the Federal Meat Inspection Act approved by U.S Congress in
2008, catfish production is currently regulated by United States Department of
Agriculture (USDA) Food Safety Inspection Service (FSIS). Since March 1, 2016, the
USDA-FSIS established a mandatory inspection program for domestically raised and
imported catfish and its full enforcement will become starting on September 1, 2017
(USDA-FSIS, 2015).
According to International Commission on Microbiological Specifications for
Foods, Salmonella and L. monocytogenes are considered as the most important microbial
pathogens associated with catfish and commonly found in imported fishery and seafood
products (USDA, 2008). These foodborne-pathogens are able to adapt and grow at low
temperature, nutrient deprived and environmentally stress full conditions and causes
cross-contamination in processed catfish fillets (B. Y. Chen et al., 2010; Fernandes et al.,
1998). Some of the sources and microbiological hazards involved during catfish
processing are shown in Figure 2.2.
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Figure 2.2

Microbiological sources and hazards involved in catfish farming (Catfish
risk report)

Temperature in catfish pond varies with season, during spring catfish grow at
water temperature between 18°C-22°C and during summer pond temperatures ranges
between 26°C -30°C, whereas during winter temperatures ranges between 10°C-16°C
(Wurtz, 1992). Catfish are processed normally at room temperature (22°C-25°C).
2.8.2

Biofilm formation associated with fish mucus
During preharvesting, biofilms may occur in aquaculture ponds with

contaminated water, transporting equipment, re-circulating tanks, water exiting the tank
filtration system, and the holding fish tank. During post-harvesting, biofilm may form on
surfaces such as buna-n rubber, polyvinyl chloride (PVC), glass, fiber glass and stainless
steel, polyethylene and polyurethane (K. Rajkowski et al., 2009). Despite regular
cleaning, residues such as water runoff, and catfish mucus may persist on food-contact
surfaces when they are imporperly cleaned or in hard to reach places (Figure 2.3 and 2.4).
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Catfish residues such as
muscle extract and water
runoff inside the plant

Figure 2.3

Schematic of inside the catfish processing plant where fishes are filleted,
washed inside the chiller tank and packed using various conveyer systems
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Catfish mucus residues on
the conveyer system and
floors

Figure 2.4

Outside the catfish processing plant fishes are wahsed with well water,
stunned and sorted into sizes manually and processed inside the plant via
conveyer systems

Bacterial attachment on the fish skin is important during the initial stages of
infection. Fish skin is covered by a slimy layer of mucus which acts as a physical,
chemical and biological barrier from infection and the first site of interaction between
fish skin cells and pathogens (Subramanian et al., 2009). Mainly, mucus is coated with O35

glycosylated high molecular weight mucin glycoproteins. Reports show that catfish skin
as an important source of bacterial contamination during catfish processing and mucus
promotes growth, colonization and adherence of some pathogenic and non-pathogenic
bacteria on the skin surface (S. Benhamed, F. A. Guardiola, M. Mars, & M. A. Esteban,
2014). A variety of Vibrio strains were able to grew on fish surface mucus as the sole
carbon source which could facilitate colonization and invasion of the host (Bordas et al.,
1996). Several published reports indicated the ability of pathogenic and non-pathogenic
bacteria to grow as a biofilm in medium containing fish mucus (Said Benhamed et al.,
2014; Grześkowiak et al., 2011; Högfors‐Rönnholm et al., 2015; Magari os et al., 1995).
(Magari os et al., 1995) showed growth and survival of fish pathogens Pasteurella
pisccida and flexibacter maritimus upto 25 h in presence of turbot Scopthalmus maximus
mucus.
Fish pathogen F. columnare ammended with Atlantic salmon (Salmo salar)
mucus was able to grow and adhere on to a polystyrene surface for up to 24 h (Staroscik
& Nelson, 2008). Studies showed the adherence of F. columnare to mucus isolated from
goblet cells of carp (Cyprinus carpio) (Decostere, Haesebrouck, Turnbull, & Charlier,
1999) and adhered cells of F. columnare were clustered near the mucus pores of channel
catfish (Ictalurus punctatus) skin (Olivares-Fuster, Bullard, McElwain, Llosa, & Arias,
2011). Adhesion of aeromonas hydrophila, aeromonas salmonicida, edwardsiella tarda,
vibrio anguillarum, Leuconostoc citreum and enterococcus durans on polystsyrene
surface coated with mucus from various parts of fish such as skin, gills, small and large
intestine of three species i.e carp, rainbow trout and salmon was studied (Grześkowiak et
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al., 2011). They showed that hydrophobic interactions are moderately involved in binding
process.
The attachement mechanism of pathogens on skin mucus is not well understood.
Factors such as hydrophobicity, surface charge, surface roughness, surface microtopography, pH and viscosity might be initial during attachment (S. Benhamed et al.,
2014). Some reports suggested the adhesion of bacteria might be due to adhesin or pilus
on to the surface of bacterium (S. Benhamed et al., 2014). (Klesius, Shoemaker, & Evans,
2008) demonstrated in vitro chemotaxis of F. columnare to channel catfish (Ictalurus
punctatus) mucus obtained from skin, gills and intestines. Mucus obtained from skin was
found to be highest chemoattractant than others.
Little is known about the influnce of catfish mucus on the growth and biofilm
formation of L. monocytogens and Salmonella in catfish processing surfaces. Therefore,
the first objective of the present study were to determine the effects of strain,
temperature, nutrient level and food-contact surface on the growth and biofilm formation
of L. monocytogenes and Salmonella in catfish mucus extract. Another objective was to
determine the growth and survival of L. monocytogenes and Salmonella in presence of
catfish extract for longer period of time. The second objective was to evaluate the
efficacy of commercial disinfectants and sanitizers for their reduction on L.
monocytogenes and Salmonella biofilm formation on stainless steel surface.
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CHAPTER III
GROWTH AND BIOFILM FORMATION BY LISTERIA MONOCYTOGENES IN
CATFISH MUCUS EXTRACT ON FOUR FOOD-CONTACT SURFACES
AT 22°C AND 10°C AND THEIR REDUCTION
BY COMMERCIAL DISINFECTANTS
3.1

Abstract
Factors contributing to the prevalence of Listeria monocytogenes (Lm) in catfish

processing environments are not fully established. The objectives of this study were to
determine the effects of strain and temperature on the growth and biofilm formation by
Lm in high and low concentrations of catfish mucus extract on different food-contact
surfaces at 10°C and 22°C. The second objective was to determine the efficacy of
disinfectants at recommended concentrations and contact times at removing Lm biofilm
cells on a stainless steel surface. Growth and biofilm formation of all Lm strains was
greater at the greater concentration of catfish mucus extract both at 10°C and 22°C than
the lower mucus concentration. In 15 µg/ml catfish mucus extract that was inoculated
with 3 log CFU/ml, Lm counts increased to 4.5 log CFU/ml after 72 h at 10°C and 6-7
log CFU/ml counts after 32-48 h at 22°C. In 375 µg/ml catfish mucus extract that was
inoculated with 3 log CFU/ml, Lm counts increased to 6-7 log CFU/ml counts after 72 h
at 10°C and 8.5 log CFU/ml counts after 32-48 h at 22°C. No differences were observed
on the ability among Lm strains to form biofilms in the presence catfish mucus extract on
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the stainless steel surface. In 15 µg/ml of catfish extract inoculated with 3 log CFU/ml,
the biofilm levels of Lm on stainless steel reached to 4-5 log CFU/coupon at 10°C or 5-6
log CFU/coupon at 22°C or in 7 days. In 375 µg/ml of catfish mucus extract inoculated
with 3 log CFU/ml, the biofilm levels of Lm on stainless steel surface reached to 5-6 log
CFU/coupon at 10°C or 6-7.5 log CFU/coupon at 22°C in 7 days. The biofilm formation
by Lm catfish isolate HCC23 in catfish extracts was less (P < 0.05) on buna-n rubber
when compared to stainless steel, polyethylene and polyurethane surfaces. On the
stainless steel coupons, there was a 2-3 log reduction after 1 min and 3-5 log reduction
after 3 min in Lm biofilm cells when treated with recommended concentration (RC) of
acid, quaternary ammonium compounds (QAC) or chlorine disinfectants. By contrast, Lm
biofilm cells were non-detectable when treated with 1/4 or 1/2 of RC within 1 min or 3
min by disinfectants contained a mix of QAC and H2O2 or peracetic acid (PAA) and
H2O2 and octanoic acid. These findings indicate that Lm can grow and subsequently
form biofilms on different food-contact surfaces in the presence of a very low
concentration of catfish mucus extract in catfish processing environments, these biofilm
can be effectively removed by disinfectants that are mixtures of QAC with H2O2 or PAA
with H2O2 and octanoic acid.
3.2

Introduction
Farm raised channel catfish (Ictalurus punctatus) has been the largest industry for

industry for longer than 40 years. According to the NASS (2015), overall sales for catfish
per year in the United States of America (USA) was around 361 million U.S dollars while
Mississippi, Alabama, Arkansas and Texas accounted for 96% of the overall sales.
According to the Federal Meat Inspection Act approved by U.S Congress in 2008, catfish
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production is currently regulated by United States Department of Agriculture (USDA)
Food Safety Inspection Service (FSIS). Since March 1, 2016, the USDA-FSIS established
a mandatory inspection program for domestically raised and imported catfish and its full
enforcement will become starting on September 1, 2017 (USDA-FSIS, 2015). L.
monocytogenes has been prioritized by USDA-FSIS as an important foodborne pathogen
based on its prevalence in catfish processing and retail environments.
L. monocytogenes is a ubiquitous gram-positive bacterium which is responsible
for listeriosis in human, a life threatening disease primarily affecting newborns,
immunocompromised individuals, elderly and pregnant women (Gandhi & Chikindas,
2007; Hamon, Bierne, & Cossart, 2006b). This bacterium readily grows on a wide variety
of cooked and raw seafood including catfish. Despite routine cleaning and sanitation
practices carried out in catfish processing plants, L. monocytogenes is able to adapt and
grow at low temperature, nutrient deprived and environmentally stress full conditions and
causes cross-contamination in processed catfish fillets (B. Y. Chen et al., 2010;
Fernandes et al., 1998). There is a high prevalence of L. monocytogenes in catfish and in
catfish processing plants (Chou et al., 2006; Pao et al., 2008). L. monocytogenes was
present in 18.4% of catfish and environmental samples that were collected from catfish
processing plants in Alabama, USA (Leung et al., 1992). L. monocytogenes in catfish
processing environments has been frequently isolated from chiller water tanks, deheading machines, trimmers, conveyer belts with chiller water being the majority source
of L. monocytogenes contamination (B. Y. Chen et al., 2010).
Biofilm formation makes L. monocytogenes more resistant to antimicrobials and
sanitizing agents as compared to free floating cells (Gandhi & Chikindas, 2007). In
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addition, some persistent isolates of L. monocytogenes that were isolated from a coldsmoked fish processing plant were able to form biofilm and were resistant to sanitizers
(H. Nakamura, K. Takakura, Y. Sone, Y. Itano, & Y. Nishikawa, 2013). Bacterial
attachment to surfaces is influenced by many factors such as strain (Borucki et al., 2003;
Soni & Nannapaneni, 2010), surface (hydrophobicity) and environmental parameters
such as the growth media, pH, nutrient availability, temperature and salt concentration
(Di Bonaventura et al., 2008; Kalmokoff et al., 2001).
During preharvesting, biofilms may occur in aquaculture ponds with
contaminated water, transporting equipment, re-circulating tanks, water exiting the tank
filtration system, and the holding fish tank. During post-harvesting, biofilm may form on
surfaces such as buna-n rubber, polyvinyl chloride (PVC), glass, fiber glass and stainless
steel, polyethylene and polyurethane (K. Rajkowski et al., 2009). Despite regular
cleaning, residues from fish muscle, and mucus may persist on food-contact surfaces
when they are imporperly cleaned or in hard to reach places. Bacterial attachment on the
fish skin is important during the initial stages of infection. Fish skin is covered by a slimy
layer of mucus which acts as a physical, chemical and biological barrier from infection
and the first site of interaction between fish skin cells and pathogens (Subramanian et al.,
2009). However, a variety of Vibrio strains were able to grew on fish surface mucus as
the sole carbon source which could facilitate colonization and invasion of the host
(Bordas et al., 1996). Several published reports indicated the ability of pathogenic and
non-pathogenic bacteria to grow as a biofilm in medium containing fish mucus (Said
Benhamed et al., 2014; Grześkowiak et al., 2011; Högfors‐Rönnholm et al., 2015; Magari
os et al., 1995). Fish pathogen Flavobacterium columnare ammended with Atlantic
41

salmon (Salmo salar) mucus was able to grow and adhere on to a polystyrene surface for
up to 24 h (Staroscik & Nelson, 2008). However, Little is known about the influnce of
catfish mucus on the growth and biofilm formation of L. monocytogens on catfish
processing surfaces. Therefore, the first objective of the present study were to determine
the effects of strain, temperature, nutrient level and food-contact surface on the growth
and biofilm formation of L. monocytogenes in catfish mucus extract. The second
objective was to evaluate the effect of commercial disinfectants and sanitizers for their
impact on L. monocytogenes growth and biofilm formation on various stainless steel
surface.
3.3

Materials and methods

3.3.1

Bacterial strains and culture conditions

L. monocytogenes strains that were used in this study are described in Table 3.1.
These strain were stored in tryptic soy broth containing 0.6% yeast extract (TSB-YE, BD
BactoTm) supplemented with 16% glycerol at -80°C. The working stock cultures of these
strains were prepared by inoculating a colony grown on PALCAM agar to tryptic soy
agar that contained 0.6 % yeast extract (TSAYE) slants and incubated at 37°C for 24 h.
These working stock cultueres were stored at 4°C for up to 4-5 weeks. The overnight
culture of each strain was prepared by inoculation of 10 ml of TSB-YE broth from the
working stocks at 37°C for 18 to 24 h in a shaker at 150 rpm (C24 Classic series
incubator shaker, New Brunswick Scientific, Inc., NJ, USA) to reach approximately 9 log
CFU/ml.
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3.3.2

Food-contact surfaces preparation
Four materials that were used as food contact surfaces in catfish fish processing

environments were tested in this study. Their description are provided in Table 3.2. All
materials were cut into 1x1.5 cm2 chips and immersed in alkaline based detergent for 1 h
and rinsed three times in deionized water to remove any oil residue. After that stainless
steel coupons were then sterilized by autoclaving at 121°C for 15 min. Ultra-high
molecular weight polyethylene, thermoplastic polyurethane and buna-n rubber coupons
were not autoclavable and therefore disinfected by immersing in 100% ethanol for 15
min and subsequent rinsing with sterile water. These sterile coupons were surface dried
inside a biosafety cabinet prior to use.
3.3.3

Preparation of catfish mucus extract
Mucus extract was prepared as described previously by Shoemaker and LaFrentz

(2015) with additional modifications. Mucus was collected from a local catfish
processing plant located at eastern part of Mississippi, USA. A single catfish was placed
into a stomaching bag (weighing ~250 g) containing 10 ml of ice-cold sterile
physiological saline and slighlty massaged for 30 s and kept on ice for 2 min prior to
removing the fish and collecting the mucus solution into sterile 50 ml tubes and
transferred to the lab on to a box containing ice within 20 min. These tubes were
centrifuged at 800 g (Beckman, Model TJ-6 centrifuge, IL, USA) for 5 min (4°C) to
remove particulate fecal matter, autoclaving for 15 min at 121°C and stored at -60°C until
use. The concentration of mucus protein was determined using the Bradforsd assay (BioRad, U.S.A).
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3.3.4

Evaluation of growth of L. monocytogenes in catfish mucus extract at
different temperatures
One ml of each of L. monocytogenes EGD (Bug600), JS60 and HCC23 of all

overnight grown strains were centrifuged seperately at 9000 g (MARATHON 21000R,
Fisher Scientific) for 5 min and the resulting cell pellets were resuspended in 1 ml of
physiological saline. Using this cell suspension, 3 log CFU/ml of L. monocytogenes was
prepared in catfish mucus (375 and 15 µg/ml) extract and incubated at room temperature
(22°C) and 10°C (VWR, Scientific Products, Sheldon manufacturing, INC., OR, 97113).
Cell numbers were enumerated over 72 h of storage at 8 h intervals.
3.3.5

Calculation of generation time
The generation time (g) was calculated from the slope of the line of the semi

logarithmic plot of exponential growth using the mean of 4 replications. The equation of
g = 0.301/slope of the semi logarithmic plot of exponential growth was used to calculate
the generation time (Penteado & Leitao, 2004).
3.3.6

Evaluation of biofilm formation by different strains of L. monocytogenes in
catfish mucus extract at different temperatures
To study the biofilm production by different catfish L. monocytogenes strains on

stainless steel, method described earlier (Soni et al., 2010) was followed with minor
modifications. For this assay six different strains of serotypes (1/2b, 3b, 4b, 4c) and
HCC7 (serovar 1) and HCC23 (serovar 4) were used. One ml from each overnight culture
was centrifuged and the pellet was resuspended in 1 ml of sterile physiological saline.
Using this cell suspension, 3 log CFU/ml of L. monocytogenes was prepared in both 375
and 15 µg/ml of catfish mucus extract. Two ml of that cell suspension was added into a
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24-well plate containing a stainless steel coupon in each well and incubated at 10°C or
22°C. At day 1, 4, and 7, non-adhered cells were removed by washing the coupons three
times by adding and removing 2.75 ml of sterile physiological saline. The adhered cells
on coupons were quantified by carefully transferring a coupon into a plastic tube (15 mlTornadoTM) containing 5 ml of 0.1% peptone water with 0.02% tween-80 and 5 sterilized
glass beads and vortexed for 1 min. Cell enumeration was then conducted as discribed
earlier.
3.3.7

Biofilm formation by L. monocytogenes HCC23 on different food-contact
surfaces in catfish mucus extract at diffferent temperatures
The food-contact surfaces that was used to develop biofilms are described in

Table 3.2. For this, the L. monocytogenes HCC23 strain (serovar 4a) was used. The
method used for biofilm formation and enumeration of adhered cells on these food
processing surfaces at 22°C or 10°C was similar as used before for biofilm formation on
the stainless steel surface.
3.3.8

Efficacy of disinfectant treatments
Five different disinfectants were tested for their ability to remove L.

monocyotgenes cells from stainless steel coupons after inoculation with six catfish
isolates of L. monocytogenes cells (Table 3.5). A six strain mixture of L. monocytogenes
cells prepared by mixing equal 2-ml volumes of overnight grown cultures (OD600 ~ 1.2)
of different serotypes. For biofilm formation, the six-strain mixture of L. monocytogenes
was centrifuged, and the pellet was resuspended in saline to 3 log CFU/ml in pre-adjusted
375 µg/ml of catfish mucus. Two ml was added into a 24-well plate containing stainless
steel coupon and incubated at room temperature for 4 days. Before the coupons were
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treated with disinfectants, non-adhering bacteria were removed by pipetting out the
mucus content, and coupons were washed by adding and removing with 2.75 ml of sterile
saline three times.
Coupons were then treated with 2.75 ml of individual disinfectants with various
recommended concetrations (RC) (i.e. 1×RC, 1/2×RC, 1/4×RC and 1/10×RC) and
allowed to contact for 0, 1 and 3 min at 22°C. After each time point, each stainless steel
coupon was removed with sterile foreceps and tapped on the edge of the well surface to
drain the escessive liquid and washed by gently shaking for 5 sec in sterile saline
solution. Subsequently, coupons were votexedat high speed in 5 ml of peptone water that
contained 0.02% Tween 80 with 5 glass beads for 1 min and suspensions were serially
diluted and enumerated. In order to confirm if every biofilm cells was killed, 2 ml of
TSB-YE was added to the tubes in which the biofilm cells were detached prior to
incubation at 37°C for 24 h. Tubes with no turbidity following 24 h incubation indicated
100% removal of biofilm cells.
3.3.9

Statistical analysis
A Completely randomized designs with a 2-way factorial structure and 4

replications was used to evaluate the effects of mucus concentration and incubation time
on L. monocytogenes counts for 6 different L. moncytogenes strains at both 10°C or 22°C.
Mean values (log CFU/ml or log CFU/coupon) were calculated using four values
obtained and analysis of variance with Tukey’s honestly significant difference test (P <
0.05) was performed to separate means where significant differences occur. For the
comparison study of average biofilm formation of L. monocytogenes in 1, 4 and 7 days,
the days were compared with a combination of concentration and temperature. To
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compare biofilm formation of L. monocytogenes HCC23 on different food contact
surfaces, the two factors included surfaces and temperature and to compare the effects of
disinfectant on removing L. monocytogenes cells from stainless steel, the two factors
included recommended concentration (RC) and contact time.
3.4

Results
L. monocytogenes counts for Bug600, JS60 and HCC23 were 8-8.5 log CFU/ml

after 32-48 h when inoculated in 375 µg/ml of catfish mucus extract and 6 log CFU/ml
after 72 h when inoculated in 15 µg/ml of catfish mucus extract at 22°C (Fig. 3.1ACE).
L. monocytogenes counts for Bug600, JS60 and HCC23 were 7.5-8 log CFU/ml after 72
h in 375 µg/ml of catfish mucus extract and 4-4.5 log CFU/ml after 72 h in 15 µg/ml of
catfish mucus extract at 10°C (Fig. 3.1BDF). The generation times of L. monocytogenes
Bug600, JS60 and HCC23 were greater by 2-4 h at 22°C and by 13-15 h at 10°C when
the catfish mucus extract concentration was 15 µg/ml in comparison to 375 µg/ml (Table
3.3).
The lag phase of L. monocytogenes strains was < 8 h in both 375 and 15 µg/ml of
catfish mucus extracts at 22°C. At 10°C, the lag phase of L. monocytogenes was 16-24 h
in 375 µg/ml of catfish mucus extract, or by 56-64 h in 15 µg/ml of catfish mucus extract.
3.4.1

Influence of strain and temperature on biofilm formation by L.
monocytogenes on stainless steel surface containing catfish mucus extract
Biofilm formation by L. monocytogenes strains increased significantly with

increasing catfish mucus extract concentration at 22°C and 10°C. With few exceptions,
there were no significant differences in biofilm formation among the six strains of L.
monocytogenes in catfish mucus extract under all environmental conditions tested. In 375
47

µg/ml of catfish mucus extract, biofilm levels of L. monocytogenes strains reached to 5
log CFU/coupon after 1 day and 6-7 log CFU/coupon after 4 and 7 days at 22°C. At
10°C, biofilm cell counts of L. monocytogenes strains was 1-1.5 logs less (P < 0.05) than
at 22°C (Fig. 3.2ACE). In 15 µg/ml of catfish mucus extract, L. monocytogenes biofilm
formation was 3.5 log CFU/coupon after 1 day and 5.5 log CFU/coupon after 4 and 7
days at 22°C, while the biofilm formation at 10°C was 1.5 logs less (P < 0.05) than at
22°C (Fig. 3.2BDF). All L. monocytogenes strains had greater biofilm counts at a catfish
mucus concentration at 375 µg/ml when compared to 15 µg/ml of catfish mucus at both
temperatures tested. With the exception of 22°C and 375 µg/ml of catfish mucus extract,
there was no increase (P > 0.05) in L. monocytogenes biofilm formation from 4 to 7 days
in all environmental conditions tested (Table 3.4).
3.4.2

Biofilm formation of L. monocytogenes HCC23 on different processing
surfaces containing catfish mucus extract
In 375 µg/ml of catfish mucus extract at 22°C, L. monocytogenes HCC23 biofilm

formation was 4 log CFU/coupon after 1 day and 6-7 log CFU/coupon after 4 and 7 days
on stainless steel, polyethylene and polyurethane surfaces. In contrast, the biofilm
formation on buna-n rubber was 1-2 log CFU/coupon less (P < 0.05) than the other three
surfaces at 22°C (Fig. 3.3ACE). In 375 µg/ml of catfish mucus extract at 10°C, L.
monocytogenes HCC23 biofilm formation was approximately 3.5 log CFU/coupon after 1
day and 5 log CFU/coupon after 4 and 7 days on stainless steel, polyethylene and
polyurethane surfaces. In contrast, biofilm formation on buna-n rubber was 1 log less (P
< 0.05) than the other three surfaces at 10°C.
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In 15 µg/ml of catfish mucus extract at 22°C, L. monocytogenes HCC23 biofilm
formation was 4.5 log CFU/coupon after 1 and 4 days or 5.5 log CFU/coupon after 7 days
on stainless steel, polyethylene and polyurethane surfaces. Biofilm formation on buna-n
rubber was 1-2 logs less (P < 0.05) than the other three surfaces at 22°C (Fig. 3.3BDF).
In 15 µg/ml of catfish mucus extract at 10°C, L. monocytogenes HCC23 biofilm
formation was approximately 3-3.5 log CFU/coupon after 1 day for all the surfaces and 5
log CFU/coupon after 7 days on stainless steel, polyethylene and polyurethane surfaces.
Its corresponding biofilm formation on buna-n rubber was 1 log less (P < 0.05) than that
observed on the other surfaces at 10°C. Overall, biofilm formation of L. monocytogenes
HCC23 was significantly less on buna-n rubber compared to those formed on the
stainless steel, polyethylene and polyurethane surfaces in both concentrations of catfish
mucus extract at 22°C and 10°C.
3.4.3

Reduction of L. monocytogenes biofilms
In 375 µg/ml of catfish mucus extract inoculated with 3 log CFU/ml on stainless

steel coupons, the biofilm cell counts of L. monocytogenes cocktail-strains produced 66.5 log CFU/coupon at 22°C after 4 days (Table 3.6).
For disinfectant A, L. monocytogenes biofilm counts decreased (P < 0.05) as
disinfectant concentration increased. However, no differences (P > 0.05) existed in
counts among contact time. L. monocytogenes biofilm reduction was 1 log after 1 min of
exposure and 1.4 logs after 3 min of exposure time with 1/4 of RC and the biofilm counts
were reduced to 3 logs after 1 and 3 min when exposed to recommended concentration
(RC) of disinfectant A.
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For disinfectant B, L. monocytogenes biofilm counts decreased (P < 0.05) as
disinfectant concentration increased. Contact time for 3 min had fewer L. monocytogenes
counts than the 1 min contact time at 1/4, 1/2 and 1 RC.
L. monocytogenes biofilm reduction was 1 log after 1 min or 2.3 logs after 3 min
exposure time with 1/4 of RC and the biofilm counts were reduced to 2.4 logs after 1 min
or 4.2 logs after 3 min when exposed to recommended concentration (RC) of disinfectant
B.
For disinfectant C, L. monocytogenes biofilm counts were less (P < 0.05) as
disinfectant concentration increased. However, no differences (P > 0.05) existed in
counts among contact time. The biofilm cells were non-detectable after 1 min of
exposure to disinfectant C at 1/4 of the recommended concentration (RC).
For disinfectant D, L. monocytogenes biofilm counts were less (P < 0.05) as
disinfectant concentration increased to 1/4 RC. No differences in counts existed (P >
0.05) for 1/4, and 1/2 and 1 RC. In addition, 3 min contact time lead to less L.
monocytogenes counts than 1 min contact time for 1/10 and 1/4 RC contact time
increased.
Similarly, for disinfectant E, L. monocytogenes biofilm counts were less (P <
0.05) as disinfectant concentration and contact time increased. However, RC was not
effective in elimination of biofilms.
Disinfectants containing a combination of QAC and H2O2 or PAA, octanoic acid
and H2O2 were more effective at reducing L. monocytogenes biofilms on stainless steel
surface when compared to disinfectants containing acids or chlorine alone.
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3.5

Discussion
Catfish processing mainly includes receiving and weighing the live fish in the

holding tank, beheading, evisceration, skinning, chilling and freezing/ice packing. During
these stages, residues from catfish skin, mucus or water runoff may build up on
processing surfaces at hard to remove places despite regular cleaning and sanitization.
These residues may provide L. monocytogenes with nutrients for growth, adherence and
biofilm formation on food processing surfaces. Therefore, the focus of this study was to
evaluate L. monocytogenes growth and biofilm formation in catfish mucus extract on
different catfish processing surfaces.
Temperature in catfish pond varies with season, during spring catfish grow at
water temperature between 18°C-22°C and during summer pond temperatures ranges
between 26°C -30°C, whereas during winter temperatures ranges between 10°C-16°C
(Wurtz, 1992). Catfish are processed normally at room temperature (22°C-25°C).
Therefore two different temperatures were included in this study. Results indicate that
catfish mucus supports L. monocytogenes growth and biofilm formation by L.
monocytogenes strains at 22°C and 10°C. In the presence of 375 µg/ml of catfish mucus,
L. monocytogenes strains yielded generation time of approximately 4 h and 7-8 h in 15
while it was extended to 7-8 h in 15 µg/ml of catfish mucus extracts 22°C. In addition, L.
monocytogenes strains yielded a doubling time of approximately 2-3 h at 22°C and 6-7 h
at 10°C in the presence of 375 µg/ml of catfish mucus. The fish pathogen F. columnare
grew in 350 µg/ml of salmon mucus as evident by demonstrated by 0.20 at OD600 after
24 h (Staroscik & Nelson, 2008)
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In this study, to compare biofilm formation by L. monocytogenes strains
belonging to various serotypes 1/2b, 3b, 4b, 4c and serover 1 and 4, a stainless steel
surface was used as it is commonly found processing material in food industries (Hood &
Zottola, 1997). No significant differences were observed in biofilm formation among six
strains of L. monocytogenes tested in catfish mucus extract with both concentration and
temperature. In contrast, a number of studies have reported high inter-strain and serotype
variability in biofilm formation by L. monocytogenes when exposed to various
environmental conditions. For example, Nakamura and co-workers evaluated biofilm
formation of 77 L. monocytogenes strains belonging to different serotypes that were
isolated from a cold-smoked fish processing plant. These authors reported that strains
belonging to 1/2a serotype produced greater biofilm concentrations than serotypes 1/2b,
3a and 3b (H. Nakamura, K.-I. Takakura, Y. Sone, Y. Itano, & Y. Nishikawa, 2013). In
another study by Bonaventura et al., (2008) showed that strains belonging to serotype
1/2c formed increased bacterial concentration on stainless steel and glass surfaces when
compared to serotype 1/2a, 1/2b or 4b at 37°C . Several authors also reported inter-strain
differences in biofilm formation (Borucki et al., 2003; Doijad et al., 2015; Harvey,
Keenan, & Gilmour, 2007; Nilsson et al., 2011; Soni & Nannapaneni, 2010). Therefore,
the association between biofilm formation and L. monocytogenes serotype remained
inconclusive. However, results from the current study indicate that L. monocytogenes had
sufficient nutrients from the catfish mucus for each strain and therefore did not differ in
counts.
L. monocytogenes biofilm formation was greater at 22°C when compared to 10°C
after 1, 4 and 7 days in both high and low concentrations of catfish mucus extract. It has
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been reported that L. monocytogenes biofilm formation is greater at 37°C or 22°C
compared to 12°C or 4°C (Di Bonaventura et al., 2008; Nilsson et al., 2011). This is
likely due to the higher production of extracellular polymeric substances (EPS) by L.
monocytogenes at 22°C when compared to 10°C during initial cell adhesion on stainless
steel surface (Herald & Zottola, 1988; Norwood & Gilmour, 2001). In addition, the
enhancement of cell attachment and initiation of biofilm formation at 22°C could be
associated with flagellar induced cell motility (Vatanyoopaisarn, Nazli, Dodd, Rees, &
Waites, 2000). Di Bonaventura et al. (2008) found that the motility of L. monocytogenes
was significantly reduced at lower temperature. In this study, 30 out of 44 L.
monocytogenes strains were motile at 22°C while only 4 strains were motile at 12°C.
Further studies are needed to determine the role of EPS on how its production and
attachment to different surfaces may be influence by different temperatures.
Stainless steel, glass, polyurethane, polyethylene and bun-n-rubber are used as
food-contact surfaces in catfish processing plants. L. monocytogenes cells can adhere to a
wide variety of surfaces in food processing environment (Beresford et al., 2001; S. Silva,
Teixeira, Oliveira, & Azeredo, 2008). L. monocytogenes formed biofilms on stainless
steel, buna-n rubber, polyethylene and polyurethane surfaces in catfish mucus extract.
However, regardless of temperature or the concentration of catfish extract, L.
monocytogenes HCC23 formed at least 1.5 log CFU/coupon less biofilm on buna-n
rubber when compared to the other three surfaces. Reports show that L. monocytogenes
formed less biofilm on buna-n rubber than on the stainless steel surface under lower
nutrient conditions (Ronner & Wong, 1993; Somers & Wong, 2004). This low adherence
may be attributed due to the hydrophobic nature of buna-n rubber, as it has been
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previously shown that L. monocytogenes formed more biofilm on hydrophilic materials
as compared to hydrophobic materials (Bonsaglia et al., 2014).
In summary, results indicate that L. monocytogenes can grow and subsequently
form biofilms on various food-contact processing surfaces in the presence of
concentrations as low as 15 µg/ml of catfish mucus at 22°C and 10°C. Disinfectants
containing a mix of QAC with H2O2 or PAA with H2O2 and octanoic acid were effective
at eliminating biofilm cells on the stainless steel surface, but individual disinfectants only
reduced L. monocytogenes and did not eliminate biofilms.
Table 3.1
Strain

Details of L. monocytogenes strains used in this study.
Serotype

Isolation

BUG 600
(EGD)
JS61

1/2a

Human

4b

JS41

3b

JS46

4c

JS60

1/2 b

HCC7

1a

Catfish processing
environment
Catfish processing
environment
Catfish processing
environment
Catfish processing
environment
Catfish brainc

HCC23

4b

Catfish brainc

a

Reference
Institut Pasteur, Paris,
France ;
Chen 2010a, Chen 2010b
Chen 2010a, Chen 2010b
Chen 2010a, Chen 2010b
Chen 2010a, Chen 2010b
Liu et al., 2003
Paul et al., 2014

HCC7 belong to serovar 1 showed positive for LLO, PC-PLC and Pathogenicity.
HCC23 belong to serovar 4 is a sequenced strain belonging to lineage III and it showed
positive for LLO and negative for PC-PLC and pathogenicity.
c
Strains were obtained from Michelle Banes (Veterinary college, Mississippi State
University).
b
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Table 3.2

Description of food-contact surfaces tested in this study

Type of Surface

Name

Stainless steel

Stainless (304 #4)

Conyeyer board

Ultra high molecular
weight polyethylene
Thermoplastic
polyurethane
White FDA Nitrile
(Buna-n)

Conveyer belt
Rubber

Table 3.3

Manufacturer

Thickness
(inch)
Thyssen Krup, (state) 0.018
Sibe automation

0.125

Habasit

0.01

Warco biltrite

0.031

Generation time of L. monocytogenes in catfish mucus extract at 375
mg/ml and 15 µg/ml

Strain

Generation time of L. monocytogenes (h)
10°C

22°C

375 µg/ml

15 µg/ml

375 µg/ml

15 µg/ml

EGD (Bug600)

5.5 ( 0.95)

18.1 (0.92)

3.9 (0.71)

5.8 (0.96)

JS60

5.6 (0.99)

19.8 (0.74)

3.8 (0.78)

7.9 ( 0.89)

HCC23

6.5 (0.91)

22.1 (0.95)

3.7 (0.89)

7.5 ( 0.88)

Table 3.4

Average biofilm formation of six strains of L. monocytogenes in catfish
mucus extract under different conditions

Age of biofilm
(days)

Average biofilm formation of L. monocytogenes (log
CFU/coupon)
375 µg/ml
15 µg/ml
10°C

22°C

10°C

22°C

1

4.0 ± 0.1aA

5.0 ± 0.09aC

3.0 ± 0.09aA

3.7 ± 0.1aB

4

4.0 ± 0.08aA

6.0 ± 0.1bC

4.0 ± 0.2bA

5.6 ± 0.09bB

7
5.4 ± 0.2bA
6.9 ± 0.1cC
4.6 ± 0.1cA
5.6 ± 0.1bB
Numbers in the same column sharing different lowercase letters or numbers in the same
row sharing different upper case letters are significantly different.
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Table 3.5

Description of disinfectants used in this study

Disinfectant
Group

Acid based

Disinfectant

Concentration of
active ingredient
(ppm)

Manufacturer
recommended
concentration
(RC) (ppm)*

Phosphoric acid
Dodecylbenzen
sulfonic acid

562500

1465

34000

89

Quaternary
ammonium
compound

QAC-1
QAC-2

5200
5200

103
103

QAC-1
QAC-2
Hydrogen Peroxide
(H2O2)

30000
30000
63000

3001
3001
6302

Oxidative based

H2O2
Peracetic acid (PAA)
Octanoic Acid

69000
44000
33000

179
115
86

Chlorine

Sodium Hypochloride 92000
144
(NaOCl)
QAC1 contains dimethylbenzyl ammonium chloride (C14 60%, C16 30%, C12.5%, C18
5%), QAC2 contains dimethylbenzyl ammonium chloride (C14 60%, C16 30%, C12 5%,
C18 5%) & dimethylbenzyl ammonium chloride (C12 68%, C1432%); *Manufacturers
instructions from the label were followed to prepare disinfectant solutions.

56

Table 3.6

Disinfectant

A

Reduction of L. monocytogenes biofilm using different commercially used
disinfectants
Contact time
3min

Disinfectant
Ingredients

Concentration 1 min

Dodecylbenzene
sulfonic acid

0 (Initial)

6.0 ± 0.2aA

Survival
(Log
CFU/coupon
)
6.1 ± 0.3aA

1/10×RC
1/4×RC
1/2×RC
1×RC
0 (Initial)
1/10×RC
1/4×RC
1/2×RC
1×RC
0 (Initial)
1/10×RC
1/4×RC
1/2×RC
1×RC
0 (Initial)
1/10×RC
1/4×RC
1/2×RC
1×RC

5.7 ± 0.3aA
5.1 ± 0.1bA
3.5 ± 0.3cA
3.0 ± 0.4dA
6.0 ± 0.3aA
5.2 ± 0.1bA
5.1 ± 0.4bA
4.4 ± 0.4cA
3.7 ± 0.3dA
6.1 ± 0.1aA
3.6 ± 0.5bA
0
0
0
6.3 ± 0.2aA
5.8 ± 0.3aA
2.3 ± 0.3bA
0
0

5.7 ± 0.9aA
4.6 ± 0.7cA
4.7 ± 1.1cA
3.0 ± 1.1dA
6.2 ± 0.2aA
5.1 ± 0.3bA
3.9 ± 0.4cB
3.2 ± 0.1dA
2.0 ± 0.1eB
6.0 ± 0.2aA
2.5 ± 0.1bB
0
0
0
6.2 ± 0.1bA
3.2 ± 0.1bB
0
0
0

0 (Initial)

6.3 ± 0.2aA

6.5 ± 0.2aA

B

QAC-1
QAC-2

C

QAC-1
QAC2
H2O2

D

H2O2
Peroxyacetic Acid
Octanoic Acid

E

Sodium
Hypochloride

Survival (Log
CFU/coupon)

1/10×RC
5.3 ± 0.9bA
4.4 ± 0.2bB
1/4×RC
4.5 ± 1.4cA
3.2 ± 0.1cB
dA
1/2×RC
3.4 ± 1.4
2.1 ± 0.2dB
1×RC
2.7 ± 1.4eA
1.4 ± 0.2eB
RC: Recommended concentration. Numbers in the same column sharing different
lowercase letters within disinfectant or numbers in the same row sharing different upper
case letters within disinfectant are significantly different.
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Figure 3.1

Growth of L. monocytogenes Bug600 (A, B), JS60 (C, D) and HCC23 (E,
F) containing 375 µg/ml (○) and 15 μg/ml (□) catfish mucus extract at
22°C (A, C, E) and 10°C (B, D, F).

Error bars indicate standard error.
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Figure 3.2

Biofilm formation by six different strains of L. monocytogenes on stainless
steel surface in 375 µg/ml (A, C, E) and 15 µg/ml (B, D, E) of catfish
mucus extract at 10˚C (□) and 22C˚ ( ) in 1 day (A, B), 4 days (C, D) and
7 days (E, F).

Bars with different lowercase letters indicate significant differences between biofilms formed at
the same temperature and * indicate significant difference between biofilms formed belong to the
same strain formed at different temperature based in Tukey’s Honestly Significant Difference test
ANOVA test (P < 0.05). Error bar indicate standard error
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Figure 3.3

Biofilm formation by L. monocytogenes HCC23 on different surfaces in
375 µg/ml (A, C, E) and 15 µg/ml (B, D, E) of catfish whole extract at
10˚C (□) and 22°C ( ) in 1 day (A, B), 4 days (C, D) and 7 days (E, F).

Bars with different lowercase letters indicate significant differences between biofilms
formed at the same temperature based on Tukey’s Honestly Significant Difference test
ANOVA test (P < 0.05). Error bars indicate standard error.
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CHAPTER IV
GROWTH AND BIOFILM FORMATION BY SALMONELLA IN CATFISH MUCUS
EXTRACT ON FOUR FOOD-CONTACT SURFACES AT 22°C AND 10°C
4.1

Abstract
Salmonella is the most important seafood pathogen associated with its high

prevalence in catfish farm and processing environment. The purpose of this study were to
determine the effects of strains and temperature on the growth and biofilm formation by
Salmonella spp. in high and low concentrations of catfish mucus extract on different
food-contact surfaces at 22°C and 10°C. In 15 µg/ml catfish mucus extract that was
inoculated with 3 log CFU/ml, Salmonella counts increased to 4-5 log CFU/ml after 72 h
at 10°C and 6-7 log CFU/ml counts in 32-48 h at 22°C. In 375 µg/ml catfish mucus
extract that was inoculated with 3 log CFU/ml, Salmonella counts increased to 6 log
CFU/ml counts after 72 h at 10°C and 9 log CFU/ml counts in 32-48 h at 22°C. No
differences were observed on the ability among Salmonella strains to form biofilms in the
presence catfish mucus extract on the stainless steel surface. In 15 µg/ml of catfish
extract inoculated with 3 log CFU/ml, the biofilm levels of Salmonella on stainless steel
reached to 4-5 log CFU/coupon at 10°C or 5-6 log CFU/coupon at 22°C in 7 days. In 375
µg/ml of catfish mucus extract inoculated with 3 log CFU/ml, the biofilm levels of
Salmonella on stainless steel surface reached to 5 log CFU/coupon at 10°C or 6-7 log
CFU/coupon at 22°C in 7 days. The biofilm formation by Salmonella 7175 in catfish
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mucus extract was less (P < 0.05) on buna-n rubber when compared to stainless steel,
polyethylene and polyurethane surfaces. Therefore, the findings in this study show that
catfish mucus promotes Salmonella spp. to grow and subsequently form biofilms on
different food-contact surfaces in catfish processing industries.
4.1.1

Introduction
Salmonella is a facultative anaerobic, nonsporulating, Gram-negative bacterium

with rod-shaped bacilli and can withstand temperature range of 5 to 46°C (Amagliani et
al., 2012). Salmonella has been identiﬁed as the cause of seafood related outbreaks in the
European Union (EFSA, 2010), the United States (CSPI, 2009) and other countries
worldwide. According to the Centers for Disease Control and Prevention (CDC),
Salmonellosis causes an estimated 1.4 million cases of foodborne illness and more than
400 deaths annually in the United States (Scallan et al., 2011). Also, CDC listed that
catfish as the vehicle in an at least one outbreak of human Salmonellosis may have been
related to consumption of catfish. The catfish-outbreak was associated with Salmonella
Hadar with 10 cases reported from a restaurant in New Jersey (USDA, 2015). According
to International Commission on Microbiological Specifications for Foods, Salmonella is
the most important microbial pathogen associated with catfish and commonly found in
imported fishery and seafood products (USDA, 2008). Usually Salmonella can be
inactivated while cooking with proper temperatures. However, the likely pathways are
cross-contamination from the raw fish to another food or by utensils.
Salmonella was isolated from freshwater catfish, catfish ponds and different
organs of catfish such as skin, gills, feces, gut and intestine (Andrews et al., 1977;
Gaertner et al., 2008; McCoy et al., 2011; Wyatt et al., 1979). Some reports shown some
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antibiotic resistant strains isolated from organs of catfish that were imported from SE
Asia and Thailand (Zhao et al., 2003). The potential source of Salmonella contamination
in farm-raised catfish is likely due to poor water quality, farm runoff, fecal contamination
from wild animals or livestock, feed processing under poor sanitary conditions or
distribution (Amagliani et al., 2012; Pal & Marshall, 2009). A significant higher diversity
of pathogenic Salmonella isolates were also found from naturally occurring biofilms from
San Macros River, Texas (Gaertner et al., 2008).
Numerous reports show that Salmonella is capable of adhering and forming
biofilms using laboratory-based models on different surfaces including stainless steel,
concrete, tile, glass, granite, rubber and poly vinyl surfaces (Corcoran et al., 2014; Hood
& Zottola, 1997; Sinde & Carballo, 2000; Srey et al., 2013). Molecular mechanism
mediating attachment and biofilm formation are not completely understood but some
studies described that agfD promoter is involved in Salmonella spp. bioﬁlm formation
(Gerstel & Römling, 2001; Römling et al., 2000). However, there are also other factors
that inﬂuence bioﬁlm forming capacity, speciﬁcally surface properties (Hydrophilic or
hydrophobic) and nutrient availability and temperature (Dewanti & Wong, 1995; Di
Bonaventura et al., 2008; Gerstel & Römling, 2001; Kalmokoff et al., 2001).
Biofilm formation was significantly correlated with persistence in fish processing
production and failed to eradicate with routine disinfection (Vestby et al., 2009). In
catfish industries, there are several places where Salmonella may form biofilms and cross
contaminate via processing surfaces to retail products such as skinless and boneless fillets
(M. Bal'a et al., 1999; K. Rajkowski et al., 2009; Tucker & Hargreaves, 2004). During
catfish processing, residues present in the plant may promote Salmonella for its growth
63

and subsequent biofilm formation such as water runoff, muscle extract and mucus protein
present on the skin surface. Recent reports show that skin mucus acts as a sole nutrient to
allow growth and formation by different fish pathogens such as Flavobacterium
psychrophilium, F. columnare, Aeromonas hydrophila, Pasterurella piscicida and
Flexibacter maritimus (Grześkowiak et al., 2011; Magari os et al., 1995; Craig A
Shoemaker & Benjamin R LaFrentz, 2015). However, there is little information on the
persistance of Salmonella in catfish industry. Therefore, the main objective of the present
study is to determine the growth and biofilm formation of Salmonella spp. on catfish
mucus extract at different envirnmental condtions such as nutrient availability and
temperature.
4.1.2

Materials and methods

4.1.3

Bacterial strains and culture conditions
Three antimicrobial resistant Salmonella strains of different serotypes isolated

from imported frozen catfish fillets from thailand were kindly gifted by Shaohua Zhao
(USDA, Laurel, MD). The serotype and isolation source of these strains are provided in
table 4.1. Other two Salmonella strains of serotype Typhimurium and Heidelberg isolated
from chicken and turkey respectively were kindly gifted by Dr. Sharma C.S (Poultry
Science department, Mississippi State University, MS). These strain were stored in
Tryptic soy broth containing 0.6% yeast extract (TSB-YE, pH 7.2; BD Bio sciences, San
Jose, CA) supplemented with 16% glycerol at in -80° C. The working stock cultures of
these strains were prepared by inoculating a colony grown on XLD s to tryptic soy agar
(TSAYE) slants and stored at 4°C for up to 4-5 weeks. The overnight culture of each
strain was prepared by inoculation of 10 ml of TSB-YE broth from the working stocks
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and incubated overnight in a shaker at 150 rpm (C24 Classic series incubator shaker,
New Brunswick Scientific, Inc., Edison, NJ, USA) at 37°C for 18 to 24 h to reach cell
concentrations of approximately 9 log CFU/ml.
4.1.4

Food-contact surfaces preparation
Four materials that were used as food contact surfaces in catfish fish processing

environments were tested in this study. Their description are provided in Table 4.2. All
materials were cut into 1x1.5 cm chips and immersed in alkaline based detergent for 1 h
and rinsed three times in deionized water to remove any oil residue. After that stainless
steel coupons were then sterilized by autoclaving at 121°C for 15 min. Ultra-high
molecular weight polyethylene, thermoplastic polyurethane and buna-n rubber coupons
were not autoclavable and therefore disinfected by immersing in 100% ethanol for 15
min and subsequent rinsing with sterile water. These sterile coupons were surface dried
inside a biosafety cabinet prior to use.
4.1.5

Preparation of catfish mucus extract
Mucus extract was prepared as described previously by Shoemaker and LaFrentz

(2015) with additional modifications. Mucus was collected from a local catfish
processing plant located at eastern part of Mississippi, USA. A single catfish was placed
into a stomaching bag (weighing ~250 g) containing 10 ml of ice-cold sterile
physiological saline and slighlty massaged for 30 s and kept on ice for 2 min prior to
removing the fish and collecting the mucus solution into sterile 50 ml tubes and
transferred to the lab on to a box containing ice within 20 min. These tubes were
centrifuged at 800 g (Beckman, Model TJ-6 centrifuge, IL, USA) for 5 min (4°C) to
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remove particulate fecal matter, autoclaving for 15 min at 121°C and stored at -60°C until
use. The concentration of mucus protein was determined using the Bradford assay (BioRad, U.S.A).
4.1.6

Evaluation of growth of Salmonella in catfish mucus extract at different
temperatures
One ml of Salmonella strains 7101, 7207 and 7175 of all overnight grown strains

were centrifuged seperately at 9000 ×g (MARATHON 21000R, Fisher Scientific) for 5
min and the resulting cell pellets were resuspended in 1 ml of physiological saline. Using
this cell suspension, 3 log CFU/ml of L. monocytogenes was prepared in catfish mucus
(375 and 15 µg/ml) extract and incubated at room temperature (22°C) and 10°C (VWR,
Scientific Products, Sheldon manufacturing, INC., OR, 97113). Cell numbers were
enumerated over 72 h of stroage at 8 h intervals.
4.1.7

Calculation of generation time
The generation time (g) was calculated from the slope of the line of the semi

logarithmic plot of exponential growth using the mean of 4 replications. The equation of
the g = 0.301/slope of the semi logarithmic plot of exponential growth was used to
calculate the generation time as described previosuly (Penteado & Leitao, 2004).
4.1.8

Evaluation of biofilm formation by different strains of Salmonella Spp. in
catfish mucus extract at different temperatures
For biofilm formation on stainless steel surface using different Salmonella strains,

method described earlier was followed with minor modifications. For this assay, 1-ml
from each overnight culture was centrifuged and the pellet was resuspended in 1 ml of
sterile physiological saline and serially diluted in saline to 3 log CFU/ml containing pre66

adjusted 375 and 15 µg/ml catfish mucus extract concentrations and 2 ml was added into
each well containing stainless steel coupon in 24-well plate and incubated at 10°C or
22°C. At each incubation period on day 1, 4, and 7, non-adhered cells were removed by
washing the coupons three times by adding and removing fresh 2.75 ml of sterile
physiological saline. The adhered cells on coupon were quantified by carefully
transferring the coupon into a plastic tube (15 ml-TornadoTM) containing 5 ml of 0.1%
peptone water with 0.02% tween-80 and 5 sterilized glass beads, vortexed for 1 min
followed by cell enumeration.
4.1.9

Biofilm formation by Salmonella 7175 strain on different food-contact
surfaces in catfish mucus extract at diffferent temperatures
The food-contact surfaces used to develop biofilm are described in Table 4.2, for

this assay Salmonella 7175 strain belonging to serotype Blockley was used. The method
used for biofilm formation and enumeration of adhered cells on these surfaces at 22°C or
10°C was similar as used before for biofilm formation on stainless steel surface.
4.1.10

Enumeration of Salmonella cells
For all experiments, each sample was serially diluted in sterile physiological

saline and then plated on XLD agar and incubated at 37°C (Imperial III Incubator, labline
instrument Inc., IL, USA) for 48 h to obtain colony forming unit (CFU) counts.
4.1.11

Statistical analysis:
Completely randomized designs with a 2-way factorial structures and 4

replications was used to evaluate the effects of mucus concentration and incubation time
for 6 different Salmonella strains at both 10°C or 22°C. When differences (P < 0.05)
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existed in any treatment, Tukey’s honestly significant difference test was performed to
separate means where significant differences occured. To compare biofilm formation of
S. Blockley on different surfaces and effects of disinfectant concentration and contact
time, two completely randomized design with a 2-way factorial structure was used.
4.2

Results
Salmonella counts for 7101, 7207 and 7175 were 9 log CFU/ml in 24-32 h and

reduced by 1 log CFU/ml when inoculated in 375 µg/ml of catfish mucus extract and 6.5
log CFU/ml after 72 h when inoculated in 15 µg/ml of catfish mucus extract at 22°C (Fig.
4.1ACE). Salmonella counts for 7101, 7207 and 7175 were 5.5-6 log CFU/ml after 72 h
in 375 µg/ml of catfish mucus extract and 5 log CFU/ml after 72 h in 15 µg/ml of catfish
mucus extract at 10°C (Fig. 4.1BDF). The generation times of Salmonella 7101, 7207
and 7175 were greater by 4-8 h at 10°C and by 1-3 h at 22°C when the catfish mucus
extract concentration was 15 µg/ml in comparison to 375 µg/ml (Table 4.3).
The lag phase of Salmonella strains was < 8 h in both 375 and 15 µg/ml of catfish
mucus extracts at 22°C. At 10°C, the lag phase of Salmonella was 16-24 h in 375 µg/ml
of catfish mucus extract, or by 56-64 h in 15 µg/ml of catfish mucus extract.
4.2.1

Influence of strain and temperature on biofilm formation by Salmonella
spp. on stainless steel surface containing catfish mucus extract
There were no significant differences in biofilm formation among the six strains of

Salmonella in catfish mucus extract under all environmental condition tested.
In 375 µg/ml of catfish mucus extract, biofilm levels of Salmonella strains
reached to 5 log CFU/coupon after 1 day and 6-6.5 log CFU/coupon after 4 and 7 days at
22°C. At 10°C, biofilm cell counts of Salmonella strains was 2 logs less (P < 0.05) than
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at 22°C (Fig. 4.2ACE). In 15 µg/ml catfish mucus extract, Salmonella biofilm formation
was 3.5 log CFU/coupon after 1 day and 5.5 log CFU/coupon after 4 and 7 days at 22°C,
while the biofilm formation at 10°C was 1.5 logs less (P < 0.05) than at 22°C (Fig.
4.2BDF). There was increase (P < 0.05) in biofilm formation from 1 to 4 days at both
10°C and 22°C. However, was no increase (P > 0.05) in Salmonella biofilm formation
from 4 to 7 days in all environmental conditions tested (Table 4.4).
4.2.2

Biofilm formation by Salmonella on different processing surfaces
containing catfish mucus extract
In 375 µg/ml of catfish mucus extract, Salmonella 7175 biofilm formation was 5

log CFU/coupon after 1 day or 5.5-6.5 log CFU/coupon after 4 and 7 days on stainless
steel, polyethylene and polyurethane surfaces. In contrast, the biofilm formation on bunan rubber was 1-2 log CFU/coupon less (P < 0.05) than the other three surfaces at 22°C
(Fig. 4.3ACE). In 375 µg/ml of catfish mucus extract, Salmonella 7175 biofilm formation
was 3-4.5 log CFU/coupon after 1 or 4 days or 5 log CFU/coupon after 7 days on
stainless steel, polyethylene and polyurethane surfaces. In contrast, the biofilm formation
on buna-n rubber was 1.5 log CFU/coupon less (P < 0.05) than the other three surfaces at
10°C.
In 15 µg/ml of catfish mucus extract, Salmonella 7175 biofilm formation was 4
log CFU/coupon after 1 day or 5 log CFU/coupon after 4 and 7 days on stainless steel,
polyethylene and polyurethane surfaces. In contrast, the biofilm formation on buna-n
rubber was 1 log CFU/coupon less (P < 0.05) than the other three surfaces at 22°C in 4
and 7 days (Fig. 4.3BDF). In 15 µg/ml of catfish mucus extract, Salmonella 7175 biofilm
formation was 3 log CFU/coupon after 1 day or 3.5-4.5 log CFU/coupon biofilm after 4
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and 7 days on stainless steel, polyethylene and polyurethane while the corresponding
biofilm formation on buna-n rubber was at least 1 log CFU/coupon less than the other
surfaces at 10°C (P < 0.05). Overall, biofilm formation of S. Blockley was less on buna-n
rubber compared to those formed on the stainless steel, polyethylene and polyurethane
surfaces in both concentrations of catfish mucus extract at 22°C and 10°C.
4.3

Discussion
Salmonella is widely distributed in the nature and in aquatic environment. It is

also considered as a common seafood bacterial pathogen that forms biofilm and mainly
contaminate seafood (Shi & Zhu, 2009). Recently, the persistence of Salmonella spp. in
fish meal and fish factories was linked with its ability to form biofilm (Vestby et al.,
2009). There is a lack of information on the growth and biofilm formation of Salmonella
spp. using catfish mucus extract.
A rapid growth of Salmonella spp. was observed at both high and low
concentrations of catfish mucus extract at higher temperature. The length of lag phase of
Salmonella strains was extended at 10°C as compared to 22°C in both high and low
concentration of catfish mucus extract. Fewer studies reported on the growth rate of S.
enterica strains representing different serotypes. (Oscar, 2000) reported minor differences
in lag times and specific growth rates among S. enterica strains representing different
serotypes. On the other hand, (Díez-García et al., 2012) reported high variation among
tested Salmonella serotypes with relation to lag phase and growth rate. (Fehlhaber &
Krüger, 1998) assessed the growth of 45 S. Enteritidis food isolates in fish soup over a
temperature range from 7 to 42°C and found considerable strain-speciﬁc differences in
the estimated generation times. In agreement to their study, the generation time of all
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three Salmonella spp. were increased as the temperature decreased. Therefore, these
findings show indicate that the growth of Salmonella spp. is slower where cold conditions
are availed compared to high temperature conditions.
Salmonella spp. could be exposed to different nutrient levels in the catfish
processing plant. In this study greater biofilm production was observed in high
concentration compared to low concentration of catfish extracts. According to the
findings of (Stepanović et al., 2004) who screened biofilm formation of 122 Salmonella
strains in different types of broth concluded that diluted TSB contributed to form more
biofilms than TSB. Similar observation was found by (Patel & Sharma, 2010), where S.
enterica attachment was enhanced in diluted TSB as compared to TSB. Previous research
by (Gerstel & Römling, 2001; Kroupitski et al., 2009) demonstrated high expression of
agfD promoter during biofilm production in Salmonella spp. in nutrient limiting
conditions, this may be a possible explanation for the ability of this pathogen to form
more biofilm in diluted media.
In this study the density of biofilm increased overtime up to 7 days, in agreement
to this study some authors reported increase in the density of biofilm by Salmonella spp.
(Chorianopoulos, Giaouris, Kourkoutas, & Nychas, 2010; Korber, Choi, Wolfaardt,
Ingham, & Caldwell, 1997; Mangalappalli-Illathu, Lawrence, Swerhone, & Korber,
2008). On the other hand, some studies have suggested that Salmonella biofilm density
does not increase significantly over time (Corcoran et al., 2014; Møretrø et al.; Wong et
al., 2010). Therefore, environmental factors such as strain, pH, temperature, growth
substratum will have impact on the ability of Salmonella to form biofilms.
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The ideal temperature for a microorganism for rapid biofilm formation is
associated with an increase in nutrient intake. Results in this study indicated that all
Salmonella isolates formed higher amount of biofilms in both catfish extracts at 22°C as
compared to 10°C. Previous authors have also suggested that that Salmonella can form
higher biofilms at 22°C or 25°C compared to 8°C or 37°C (Karaca, Akcelik, & Akcelik,
2013; Kroupitski et al., 2009; Stepanović et al., 2003). Several factors might contribute
for the higher biofilms at higher temperature which might be due to the decrease in
hydrophobicity of Salmonella cell surface with decreasing temperature (Chavant et al.,
2002; Di Bonaventura et al., 2008), cell motility which also reduced as temperature
decreases thus reducing cell attachment to hard surfaces during initial phase of biofilm
formation (Di Bonaventura et al., 2008). Previous studies reported production of thin
aggregative ﬁmbrae, curli ﬁmbrae and cellulose, which are constituents of EPS layers, or
synthesis of degrading enzymes during biofilm production by Salmonella spp. may be
regulated under optimum temperature (Marles-Wright & Lewis, 2007; Nguyen & Yuk,
2013; Römling, Bian, Hammar, Sierralta, & Normark, 1998).
Although no relationship between the biofilm forming ability of the S. enterica
strains and their serotype could be established in this study, there are few studies reported
on differences among serotypes of this pathogen. For example, Salmonella Agona and
Salmonella Montevideo produced more biofilms compared to other serotypes in feed and
fish meal factories. In another study, S. Enteritidis, S. Virchow, S. Thompsonm, S.
Typhimurium and S. Newport produced greater amount of biofilms than S. Hadar, S.
Poona and S. Amagar (Bridier et al., 2010; Díez-García et al., 2012; Kroupitski et al.,
2009; Vestby et al., 2009).
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Various materials such as stainless steel, glass, polyethylene, polyurethane, bunan rubber, cement surfaces are used in food processing environment. Therefore, this study
evaluated ability of Salmonella spp. to form biofilm on such surfaces. It was found that
both catfish mucus extract was able contribute for the adherence biofilm formation with
greater density on stainless steel, polyethylene and polyurethane compared to buna-n
rubber surfaces. The ability of bacteria to attach on the type of surface (Hydrophobic or
hydrophilic) remains inconclusive. It was stated that hydrophobic surfaces such as
plastic and rubber promote lesser cell attachment compared to hydrophilic (Bonsaglia et
al., 2014). (Ronner & Wong, 1993) reported the ability of Salmonella spp. to form
biofilm on buna-n rubber was significantly lesser than the other surfaces. Also, (Chia et
al., 2009) found Salmonella spp. attached best to Teflon, followed by stainless steel, then
buna-n rubber and polyurethane. In another study, Buna-n rubber promoted lesser biofilm
formation compared to stainless steel when surfaces were coated with whole milk
proteins (Helke et al., 1993). In contrast, (Stepanović et al., 2004) reported Salmonella
spp. and L. monocytogenes can produce high biofilms on plastic surfaces. (Somers &
Wong, 2004) also reported that L. monocytogenes attachment increased on buna-n rubber
in presence of meat residue as incubation period was increased. However, in our study,
biofilm formation of Salmonella Blockley on polyethylene and polyurethane was similar
to stainless steel even though they are considered as hydrophobic materials. Oliveira et al.
(2006) studied the biofilm formation of four S. Enteritidis isolates to different surfaces
such as poly ethylene, polypropylene and granite and concluded that the degree of surface
hydrophobicity and roughness of the surface tested is not a single factor for different
extents of attachment by the pathogen but was strongly correlated as strain dependent.
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Similar behavior was observed in their subsequent study, where physico-chemical
properties such as elemental composition and surface hydrophobicity might not account
for their differential adhesion but the production of polysaccharides has to be interpreted
for the variability of individual strain for its biofilm formation.
Therefore, up to an extent surface hydrophobicity might contribute to promote
less attachment by microorganisms but other factors such as type of bacterial strain, host
interaction on the surface, roughness of the surface and production of polysaccharides has
to be taken into account.
4.4

Conclusion
In conclusion, Salmonella isolates can grow and form biofilms in even little

concentration of catfish mucus extract. The growth rate and biofilm formation was
increased with increasing concentration and temperature. No major differences were
found among the Salmonella strains tested for the ability to form biofilm in catfish mucus
extract. Biofilm production of S. Blockley on buna-n rubber was less than stainless steel,
polyethylene and polyurethane surfaces in catfish extracts.
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Table 4.1

Details of Salmonella Spp. used in this study.

Strain ID

Serotype

Isolation source

Reference

7207

Virchow

Frozen Catfish

Zhao et al, 2003

7101

Hadar

Frozen Catfish

Zhao et al, 2003

7175

Blockley

Frozen Catfish

Zhao et al, 2003

49/105C

Typhimurium

Chicken

NA*

20/19

Heidelberg

Turkey

NA*

55/14028
Typhimurium
Chicken
ATCC
*
NA These strains were isolated from local chicken and turkey grocery store;
ATCC, American Type Culture Collection, Rockville, MD.

Table 4.2

Details of tested surfaces used in this study.

Type of Surface

Name

Company

Stainless steel

STAINLESS (304 #4)

Thyssen Krup, (state) 0.018"

Conyeyer board

Ultra high molecular
weight polyethylene
Thermoplastic
polyurethane
White FDA Nitrile
(Buna-n)

Sibe automation

0.125"

Habasit

0.01"

Warco biltrite

0.031"

Conveyer belt
Rubber
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Dimension
(Thickness)

Table 4.3

Generation time of Salmonella Spp. in catfish mucus extract at 375 µg/ml
and 15 µg/ml

Strain

Generation time of Salmonella Spp. (h)
10°C

22°C

375 µg/ml

15 µg/ml

375 µg/ml

15 µg/ml

7101

12.0 (0.78)

20.0 (0.85)

0.5 (0.99)

3.3 (0.97)

7107

9.8 (0.83)

16.3 (0.72)

1.0 (0.99)

3.3 (0.90)

7175

9.4 (0.75)

13.0 (0.81)

0.7 (0.95)

2.1 (0.99)

Table 4.4

Average biofilm formation of six strains of Salmonella Spp. in catfish
mucus extract under different conditions

Age of biofilm
(days)

Average biofilm formation of Salmonella Spp. (log CFU/coupon)
375 µg/ml

15 µg/ml

10°C

22°C

10°C

22°C

1

3.6 ± 0.09aA

5.3 ± 0.1aC

1.6 ± 0.1aA

3.7 ± 0.2aB

4

4.0 ± 0.2bB

6.2 ± 0.08bC

3.3 ± 0.09bA

5.3 ± 0.08bB

7
4.7 ± 0.1bB
6.6 ± 0.09bC 4.0 ± 0.08bA 5.7 ± 0.1bB
Note: Numbers in the same column sharing different lowercase letters or numbers in the
same row sharing different upper case letters are significantly different.
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Figure 4.1

Growth of Salmonella isolates 7101 (A,B), 7107 (C,D) and 7175 (E,F)
containing 375 µg/ml (○) and 15 µg/ml (□) catfish mucus extract 22°C (A,
C, E) and 10°C (B, D, F). Error bars indicate standard error.
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Figure 4.2

Biofilm formation by six different strains of Salmonella on stainless steel
surface in 375 µg/ml (A, C, E) and 15 µg/ml (B, D, E) of catfish mucus
extract at 10˚C (□) and 22C˚ ( ) in 1 day (A, B), 4 days (C, D) and 7 days
(E, F).

Bars with different lowercase letters indicate significant differences between biofilms
formed at the same temperature and * indicate significant difference between biofilms
formed belong to the same strain formed at different temperature based in Tukey’s
Honestly Significant Difference test ANOVA test (P < 0.05). Error bar indicate standard
error.
78

Figure 4.3

Biofilm formation by Salmonella 7175 on different surfaces in 375 µg/ml
(A, C, E) and 15 µg/ml (B, D, E) of catfish whole extract at 10˚C (□) and
22°C ( ) in 1 day (A, B), 4 days (C, D) and 7 days (E, F).

Bars with different lowercase letters indicate significant differences between biofilms
formed at the same temperature based on Tukey’s Honestly Significant Difference test
ANOVA test (P < 0.05). Error bars indicate standard error
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CHAPTER V
GROWTH AND SURVIVAL OF LISTERIA MONOCYTOGENES AND SALMONELLA
IN CATFISH MUCUS EXTRACT AT 10°C
5.1

Abstract
Channel catfish (Ictalurus punctatus) is the most important aquaculture species in

the United States accounting for more than 60% of its aquaculture production. Listeria
monocytogenes and Salmonella spp. have been isolated from catfish and various catfish
processing environments since the 1990s. The focus of this study was to determine the
growth and survival of L. monocytogenes and Salmonella in the presence of high or low
concentrations of catfish mucus extract at 10°C and 22°C. L. monocytogenes and
Salmonella spp. were able to utilize catfish mucus as a carbon source and survived for
longer periods of time at 10°C and 22°C. The growth and survival of all strains of L.
monocytogenes and Salmonella spp. was greater with increasing concentration of catfish
mucus extract at 10°C and 22°C (P < 0.05). L. monocytogenes HCC23 and HCC7 had
greater counts (P < 0.05) and JS60 had lower counts than all the other strains at 10°C and
22°C. With some exceptions, no differences in counts observed among Salmonella strains
20, 55, 7175 and 49 at both 10°C and 22°C. Salmonella 7207 had lower counts (P < 0.05)
than all other strains. In 375 µg/ml catfish mucus extract inoculated with 3 log CFU/ml,
L. monocytogenes and Salmonella counts were increased to a maximum of 6-7 log
CFU/ml at 10°C or to 7-8 log CFU/ml at 22°C in 7 to 14 days and decreased by 1-2 log
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CFU/ml from these peak levels at both 10°C and 22°C in 21 to 63 days. In 15 µg/ml of
catfish mucus extract inoculated with 3 log CFU/ml, L. monocytogenes and Salmonella
spp. counts were consistently recovered in the range of 4-5 log CFU/ml at 10°C and 5-6
log CFU/ml at 22°C during 7 to 63 days. By contrast, both L. monocytogenes and
Salmonella spp. were were non-detectable in absence of catfish mucus within 21 to 28
days at 10°C or 22°C. These findings show that L. monocytogenes and Salmonella spp.
can grow and survive even in presence of very low concentrations of catfish mucus
extract for extended period of time.
5.2

Introduction
During commercial processing, channel catfish (Ictalurus punctatus) are stunned,

deheaded, eviscerated, skinned, filleted, chilled, washed, sorted and packed (J. L. Silva et
al., 2001). During these processing steps bacterial load from skin and gut microflora on
work surfaces and processing equipment can ultimately contaminate the retail products
such as steak, nuggets, skinless and boneless fillets (M. Bal'a et al., 1999; K. Rajkowski
et al., 2009; Tucker & Hargreaves, 2004). Recently, USDA’s FSIS catfish risk
assessment report prioritized Listeria monocytogenes and Salmonella spp. as important
foodborne pathogens associated with catfish due to their high prevalence (USDA-FSIS,
2015).
L. monocytogenes is a Gram-positive bacterium that causes Listeriosis, a life
threatening disease primarily affecting newborns, immunocompromised individuals,
elderly and pregnant women (Gandhi & Chikindas, 2007). Seafood’s such as cold- and
hot smoked salmon, shrimp and fish salads were linked to serious cases of listeriosis
(Novoslavskij et al., 2016; Rørvik, 2000). Leung and coworkers found L. monocytogenes
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on the skin viscera of reared in the ponds in Alabama (Leung et al., 1992). L.
monocytogenes occurrence has been reported in catﬁsh fillets, retail market and its
ﬁnished raw products (Chou et al., 2006; Chou & Wang, 2006; Pao et al., 2008). In
addition, the occurrence of L. monocytogenes was also showed in catfish processing
environment such as processing surfaces, de-heading machines and chiller tanks (B‐Y
Chen et al., 2010; B. Y. Chen et al., 2010). These studies concluded that the prevalence in
raw catfish is initially low but cross contamination during processing as the main source
of high prevalence of L. monocytogenes in processed fillets.
Salmonella is a facultative anaerobic, nonsporulating, Gram-negative bacterium
with rod-shaped bacilli. Salmonellosis outbreaks were linked to consumption of seafood
such as molluscs, crustaceans and finfish products between 1973 and 2006 in the U.S.
(Iwamoto, Ayers, Mahon, & Swerdlow, 2010). One catfish-outbreak was associated with
Salmonella Hardar and there were 10 cases reported from a restaurant in New Jersey
(USDA-FSIS, 2011). Therefore, Centers for Disease Control and Prevention (CDC) has
listed catfish as a vehicle for spread of Salmonella. Salmonella has been reported to
survive for long periods of time in the aquatic tropical environment where aquaculture
production takes place (Amagliani et al., 2012) (FAO, 2010). This pathogen was also
isolated from freshwater catfish, catfish ponds and different organs of catfish such as
skin, gills, feces, gut and intestine (Andrews et al., 1977; McCoy et al., 2011; Wyatt et
al., 1979). A significant higher diversity of pathogenic Salmonella isolates were also
found from naturally occurring biofilms from San Macros River, Texas (Gaertner et al.,
2008).
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Catfish skin was shown to be an important source of bacterial contamination
during catfish processing as mucus present on the skin promotes growth, colonization and
adherence of some pathogenic and non-pathogenic bacteria (S. Benhamed et al., 2014).
(Staroscik & Nelson, 2008) were first to propose that mucus acts as the sole nutrient to
allow growth and biofilm formation. They showed fish pathogen F. columnare amended
with Atlantic salmon (Salmo salar) mucus was able to grow and adhere on to polystyrene
surface up to 24 h. (Craig A Shoemaker & Benjamin R LaFrentz, 2015) demonstrated the
growth and survival of F. columnare in formulated water more than 100 days amended
with sterilized mucus from tilapia (Oreochromis niloticus X O. aureus). In another study
the adhered cells of F. columnare were clustered near the mucus pores of channel catfish
skin (Klesius et al., 2008).
Therefore, the present objective of this study was to study the survival of L.
monocytogenes and Salmonella isolates of catfish in high, low concentrations and in the
absence of catfish mucus extract up to 10 weeks 10°C and 22°C.
5.3
5.3.1

Materials and methods
Bacterial strains and culture conditions
Strains of L. monocytogenes and Salmonella spp. that were used in this study are

described in Table 5.1 and 5.2. These strain were stored in -80° C in Tryptic soy broth
containing 0.6% yeast extract (TSB-YE, pH 7.2; BD Bio sciences, San Jose, CA)
supplemented with 16% glycerol. The working stock cultures of these strains were
prepared by inoculating a loop full of bacterial culture on PALCAM agar and XLD agar
for L. monocytogenes and Salmonella spp. respectively and a colony was inculated in
tryptic soy agar (TSA) slants and stored at 4°C for up to 4-5 weeks. The overnight culture
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of each strain was prepared by inoculation of 10 ml of TSB-YE broth from the working
stocks and incubated overnight in a shaker at 150 rpm (C24 Classic series incubator
shaker, New Brunswick Scientific, Inc., Edison, NJ, USA) at 37°C for 18 to 24 h to reach
cell concentrations of approximately 9 log CFU/ml.
5.3.2

Preparation of catfish mucus extract
Mucus extract was prepared as described previously by (C. A. Shoemaker & B. R.

LaFrentz, 2015) with additional modifications. Mucus was collected from local catfish
processing plant located at eastern part of Mississippi, USA. A lot of 25 fishes were taken
and a single catfish was placed into a stomaching bag (weighing ~250 g) containing 10
ml of ice-cold sterile physiological saline and slighlty massaged for 30 s and kept on ice
for 2 min prior to removing the fish and collecting the mucus solution into sterile 50 ml
tubes and transferred to the lab on to a box containing ice within 20 min. These tubes
were centrifuged at 800 g (Beckman, Model TJ-6 centrifuge, IL, USA) for 5 min (4°C) to
remove particulate fecal matter, autoclaving for 15 min at 121°C and stored at -60°C until
use. The concentration of mucus protein was determined using the Bradford assay (BioRad, U.S.A).
5.3.3

Evaluation of growth and survival of L. monocytogenes and Salmonella in
catfish mucus at different temperatures
One ml of L. monocytogenes strains of all overnight grown strains were

centrifuged seperately at 9000 g (MARATHON 21000R, Fisher Scientific) for 5 min and
the resulting cell pellets were resuspended in 1 ml of physiological saline. Using this cell
suspension, 3 log CFU/ml of L. monocytogenes was prepared in catfish mucus (375 and
15 µg/ml) extract and incubated at room temperature (22°C) and 10°C (VWR, Scientific
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Products, Sheldon manufacturing, INC., OR, 97113). Similarly, Salmonella strains were
inoculated with catfish mucus (375 and 15 µg/ml) extract and incubated at room
temperature 22°C and 10°C. The cell numbers for L. monocytogenes and Salmonella spp.
were enumerated over 63 days of storage at seven days of interval.
5.3.4

Enumeration of L. monocytogenes and Salmonella cells
Cell numbers at seven days of interval for L. monocytogenes were enumerated

from the samples in saline and plating on tryptic soy agar that was enriched with 0.6%
yeast extract, esculin and ferric ammonium citrate (TSA-YEEF). Similarly, Salmonella
cells were enumerated by plating onto XLD agar. The colony forming units (CFU) counts
were counted after inubation at 37°C (Imperial III Incubator, labline instrument Inc., IL,
USA) for 48 h.
5.3.5

Statistical analysis
Completely randomized design with a 3-way factorial structure and 2 replications

was used. To evaluate the effect of concentration and incubation time for 63 days at both
10°C and 22°C when differences (P < 0.05) existed in any treatment, tukey’s honestly
significant difference test (P < 0.05) was performed to separate means.
5.4
5.4.1

Results
Survival of L. monocytogenes in catfish mucus extract
At 10°C, all L. monocytogenes strains had greater counts in the presence of 375

µg/ml of catfish mucus extract (P < 0.05) when comparted to 15 and 0 µg/ml of catfish
mucus extract in 7 to 63 days. No differences in counts existed between 15 and 0 µg/ml
of catfish mucus extract (P > 0.05) in 7 and 21 days with L. monocytogenes JS60 and
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JS61 strains. However, four other L. monocytogenes strains had greater counts at 15
µg/ml than 0 µg/ml of catfish mucus extract in 7 -63 days. For the 0 µg/ml of catfish
mucus, L. monocytogenes was non-detectable from 28 to 63 days.
The counts of six L. monocytogenes strains (JS60, JS41, JS61, JS46, HCC23 and
HCC7) were approximately 6-7 log CFU/ml at 10°C in 7 to 63 days in presence of 375
µg/ml of catfish mucus extract (Fig. 5.1A-D). By contrast, in the presence of 15 µg/ml
mucus extract, L. monocytogenes counts were approximately 4.5-5 log CFU/ml at 10°C
in 14 to 63 days. For the 0 µg/ml of catfish mucus, L. monocytogenes was non-detectable
from 28 to 63 days
In conclusion, all six L. monocytogenes strains at day 0, there were no differences
in counts between all catfish mucus concentrations at 10°C. The growth of all 6 L.
monocytogenes strains was 6-7 log CFU/ml in 14 to 63 days in the presence of 375 µg/ml
of catfish mucus extract. Whereas, the growth of L. monocytogenes strains were over 4.55.5 log CFU/ml in 14 to 63 days of incubation in the presence of 15 µg/ml of catfish
mucus. For the 0 µg/ml of catfish mucus, L. monocytogenes strains were non-detectable
from 28 to 63 days.
At 22°C, all L. monocytogenes strains had greater counts in the presence of 375
µg/ml of catfish mucus extract (P < 0.05) when comparted to 15 and 0 µg/ml of catfish
mucus extract in 7 to 63 days. In addition, 15 µg/ml of catfish mucus had greater L.
monocytogenes counts (P < 0.05) than 0 µg/ml of catfish mucus extract over the same
incubation period. For the 0 µg/ml of catfish mucus, L. monocytogenes was nondetectable in 28 to 63 days.
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The counts of L.monocytogenes JS60, JS41, JS61 and JS446 were 7-7.5 log
CFU/ml at 22°C during 7 to 14 days in the presence of 375 ug/ml catfish mucus (Fig.
5.2A-D). At this mucus concentration, counts slightly decreased to 6-6.5 log CFU/ml
over 21 to 63 days. By contrast, in the presence of 15 µg/ml of catfish mucus extract, L.
monocytogenes counts were 5-6 log CFU/ml at 22°C in 14 to 63 days. For the 0 µg/ml of
catfish mucus, L. monocytogenes was non-detectable in 28 to 63 days.
L. monocytogenes HCC23 and HCC7 counts were 7.5 to 8 log CFU/ml at 22°C
after 7 days in presence of 375 µg/ml of catfish mucus extract (Fig. 5.2E and F). At this
mucus concentration, counts slightly decreased to 6.5 log CFU/ml in 14 to 63. By
contrast, in the presence of 15 µg/ml mucus, cell counts of L. monocytogenes were 5-6
log CFU/ml at 22°C over 14 to 63 days.
In conclusion, all L. monocytogenes strains at day 0, there were no differences in
counts between all catfish mucus concentrations at 22°C. The growth of all 6 L.
monocytogenes strains was 6.5 to 7.5 log CFU/ml at 7 to 63 days in the presence of 375
µg/ml of catfish mucus extract. Whereas, the growth of L. monocytogenes strains was 55.5 log CFU/ml in 14 to 63 days in the presence of 15 µg/ml of catfish mucus. For the 0
µg/ml of catfish mucus, L. monocytogenes strains were non-detectable from 28 to 63
days.
When averaged over concentration and incubation time at both 10°C and 22°C, L.
monocytogenes HCC23 had greater counts (P < 0.05) than JS46, JS41, and JS60 but did
not differ from HCC7 and JS61. Also, L. monocytogenes HCC7 strain had greater counts
(P < 0.05) than JS41 and JS60. On average over time at both 10°C and 22°C, in 375
µg/ml of catfish mucus extract, there was no difference between strains but however, in
87

15 µg/ml of catfish mucus extract, HCC23 and HCC7 had higher counts (P < 0.05) than
other strains. In addition, JS60 strain had lower counts when compared to other strains.
5.4.2

Survival of Salmonella spp. in catfish mucus extract
At 10°C, except S. Hadar (7101) and S. Blockely (7175), all isolates had greater

counts in the presence of 375 µg/ml of catfish mucus extract (P < 0.05) when comparted
to 15 and 0 µg/ml of catfish mucus extract in 7 to 63 days. In addition, 15 µg/ml of
catfish mucus extract had greater Salmonella counts (P < 0.05) than 0 µg/ml of catfish
mucus extract over the same incubation time. For the 0 µg/ml of catfish mucus,
Salmonella counts were non-detectable from 21 to 63 days.
The counts of S. Typhimurium (49 and 55), S. Heidelberg (20), S. Virchow
(7207), S. Hadar and S. Blockley (Fig. 5.3A-F) were 6.5-7 log CFU/ml at 10°C during 714 days of incubation in the presence of 375 µg/ml of catfish mucus. At this
concentraion, counts decreased to 5.5 log CFU/ml over 14 to 63 days. By contrast, in the
presence of 15 µg/ml catfish mucus extract, Salmonella counts were approximately 4-5
log CFU/ml at 10°C in 21 to 63 days. For 0 µg/ml of catfish mucus, Salmonella strains
were non-detectable from 21 to 63 days.
In conclusion, all six Salmonella isolates at day 0, there were no differences in
counts between all catfish mucus concentrations at 10°C. The growth of all six
Salmonella isolates was 6.5 to 7 log CFU/ml between 7-14 days and gradually decreased
by 1-1.5 log CFU/ml at 10°C upto 63 days in presence of 375 µg/ml of catfish mucus
extract. Whereas, the growth of Salmonella strains were over 5-6 log CFU/ml in 14 to 63
days in the presence of 15 µg/ml of catfish mucus. For the 0 µg/ml of catfish mucus, L.
monocytogenes strains were non-detectable from 21 to 63 days.
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At 22°C, all Salmonella strains had greater counts in the presence of 375 µg/ml of
catfish mucus extract (P < 0.05) when comparted to 15 and 0 µg/ml of catfish mucus
extract in 7 to 63 days. In addition, 15 µg/ml of catfish mucus extract had greater
Salmonella counts (P < 0.05) than 0 µg/ml of catfish mucus extract over the same
incubation time. For the 0 µg/ml of catfish mucus, Salmonella counts were nondetectable from 35 to 63 days.
The counts of S. Typhimurium (49 and 55), S. Heidelberg (20), S. Virchow
(7207), S. Hadar (7101) and S. Blockley (7175) (Fig. 5.4A-F) were 8 log CFU/ml after 7
days of incubation in the presence of 375 µg/ml of catfsih mucus. At this concentraion,
counts slightly decreased to 7 log CFU/ml in Salmonella strains (49,55, 20 and 7207) and
counts decreased to 6 log CFU/ml in Salmonella strains (7101 and 7175) in 14 to 63
days. By contrast, in the presence of 15 µg/ml catfish mucus, Salmonella counts were
approximately 5-5.5 log CFU/ml at 22°C after 14 to 63 days. For 0 µg/ml of catfish
mucus, Salmonella strains were non-detectable from 42 to 63 days.
In conclusion, all six Salmonella isolates at day 0, there were no differences in
counts between all catfish mucus concentrations at 22°C. The growth of all 6 Salmonella
strains was 8 log CFU/ml after 14 days and gradually decreased by 1-2 log CFU/ml at
22°C over 63 days in the presence of 375 µg/ml of catfish mucus extract. Whereas, the
growth of L. monocytogenes strains were over 5-6 log CFU/ml in 14 to 63 days in the
presence of 15 µg/ml of catfish mucus. For the 0 µg/ml of catfish mucus, Salmonella
strains were non-detectable from 28 to 63 days.
When averaged over concentration and time at both 10°C and 22°C, no
differences in Salmonella counts were observed among strains 20, 49, 55, 7175 and 7201.
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Strain 7107 had lower counts (P < 0.05) than these 5 strains. When averaged over
incubation time at both 10°C and 22°C, at 375 µg/ml of catfish mucus extract, there were
no difference existed in Salmonella counts among strains 7175, 20, 55 and 49. In
addition, Salmonella 7101 and 7207 had lower counts (P < 0.05) than other all other
strains. However, in 15 µg/ml of catfish mucus extract, there were no differences among
all Salmonella strains.
5.5

Discussion
As preliminary experiments, disc diffusion assay was performed to study the

antimicrobial activity of filtered, sterilized or boiled catfish mucus on growth of 10
different pathogenic and non-pathogenic L. monocytogenes strains those were isolated
from catfish and clinical samples. These strains were tested at inoculum level of 3 or 7
log CFU/ml and no inhibition of growth of L. monocytogenes strains was observed (data
not shown).
In order to study the growth of L. monocytogenes and Salmonella spp. in presence
of catfish mucus, an OD600 readings to measure the cell density was carried out as
demonstrated by (Staroscik & Nelson, 2008). Similar to their observation, visual turbidity
or OD600 readings did not increase considerably. Therefore, present study followed
method similar to (Craig A Shoemaker & Benjamin R LaFrentz, 2015), using a standard
plate count method to establish the growth, survival of L. monocytogenes and Salmonella
spp. in presence of 375 and 15 µg/ml of catfish mucus at 22°C and 10°C at 3 log
CFU/ml.
Initially, growth and survival of L. monocytogenes reference strain Bug600
(Serotype 1/2a) was performed with a starting inoculum size 7 log CFU/ml, it was found
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that counts were increased to 9 logs up to 3 days and gradually decreased between 5-6 log
CFU/ml after 70 days of incubation time at 22°C. Therefore, a low inoculum size of L.
monocytogenes at 3 log CFU/ml was carried out for subsequent study that may naturally
present the environment. In order to determine the concentration of catfish mucus which
would be sufficient for the growth of L. monocytogenes Bug600 at 1500, 750, 375, 37.5,
15 µg/ml of catfish mucus protein using standard plate count and cell attachment on
stainless steel surface. It was found that 1500 and 375 µg/ml mucus protein was able
grow at similar fashion level. Hence, two different concentrations were chosen, 375 and
15 µg/ml as a high and low concentration of catfish mucus respectively for subsequent
experiments.
Results indicate that irrespective of test temperature, the concentration of mucus,
an indirect representation of available carbon source for bacterial growth, appeared to
have a clear effect on growth of tested L. monocytogenes strains. For example, at 375
µg/ml of catfish mucus extract, L. monocytogenes and Salmonella spp. yielded a
generation time of about 4 h while it extended to 7-8 h in 15 µg/ml of catfish mucus
extract at 22°C (data not shown). No differences in growth and survival of L.
monocytogenes or Salmonella spp. was seen in this study. All the strains were able to
grow 7-8 log CFU/ml in presence of catfish mucus and decreased to 6 logs after 63 days.
Also, the temperature influenced the growth and survival of organisms, the counts
increased faster at 22°C than at 10°C. The growth of fish pathogen F. columnare was
demonstrated by (Staroscik & Nelson, 2008), where the cell density reached from 0 to
0.20 at OD600 in 24 h in 350 µg/ml of salmon mucus. There are no reports on the growth
of L. monocytogenes or Salmonella spp. in presence of catfish mucus on generation time.
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Similar to the present study, F. columnare counts were maintained about 5-6 log CFU/ml
after 56 days of incubation time at 22°C (Craig A Shoemaker & Benjamin R LaFrentz,
2015). Another study by (Hansen, Vogel, & Gram, 2006) showed that L. monocytogenes
and L. innocua were able to survive in presence of autoclaved and ﬁltered fresh water
than in natural fresh water or instant ocean water about 84 days. In comparison to our
study, L. monocytogenes and Salmonella were able to survive in presence of autoclaved
saline or less concentration of catfish. On the other hand, Salmonella spp. were also able
to grow and survive in presence of catfish mucus. It was earlier demonstrated that
Salmonella can survive at higher rates in septic system, aquatic environments from days
to years (Martinez-Urtaza & Liebana, 2005).
The attachement mechanism of pathogens on skin mucus is not well understood.
Factors such as hydrophobicity, surface charge, surface roughness, surface microtopography, pH and viscosity might be initial during attachment (S. Benhamed et al.,
2014). Some reports suggested the adhesion of bacteria might be due to adhesin or pilus
on to the surface of bacterium (S. Benhamed et al., 2014). (Klesius et al., 2008)
demonstrated in vitro chemotaxis of F. columnare to channel catfish (Ictalurus
punctatus) mucus obtained from skin, gills and intestines. Mucus obtained from skin was
found to be highest chemoattractant than others.
In summary, present study results indicate that L. monocytogenes and Salmonella
spp. can grow and survive for extended period of time in presence of low concentration
of catfish mucus at 10°C and 22°C. Our future work includes biform formation of L.
monocytogenes and Salmonella spp. in presence of catfish mucus and their reduction
using disinfections used in processing environment.
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Table 5.1

Details of L. monocytogenes strains used in this study

Strain

Serotype

Isolation

Reference

BUG 600
(EGD)
JS61

1/2a

Human

Institut Pasteur, Paris, France ;

4b

Chen 2010a, Chen 2010b

JS41

3b

JS46

4c

JS60

1/2 b

HCC7

1a

Catfish processing
environment
Catfish processing
environment
Catfish processing
environment
Catfish processing
environment
Catfish brainc

HCC23

4b

Catfish brainc

Paul et al., 2014

Chen 2010a, Chen 2010b
Chen 2010a, Chen 2010b
Chen 2010a, Chen 2010b
Liu et al., 2003

a

HCC7 belong to serovar 1;
HCC23 belong to serovar 4;
c
Strains were obtained from Michelle Banes (Veterinary college, Mississippi State
University).
b

Table 5.2

Details of Salmonella strains used in this study.

Strain ID

Serotype

Isolation source

Reference

7207

Virchow

Frozen Catfish

Zhao et al., 2003

7101

Hadar

Frozen Catfish

Zhao et al., 2003

7175

Blockley

Frozen Catfish

Zhao et al., 2003

49/105C

Typhimurium

Chicken

NA*

20/19

Heidelberg

Turkey

NA*

55/14028
Typhimurium Chicken
ATCC
*
NA These strains were isolated from local chicken and turkey grocery store;
ATCC, American Type Culture Collection, Rockville, MD.
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Figure 5.1

Survival of L. monocytogenes catfish isolates JS61 (A), JS41 (B) JS46 (C),
JS60 (D), HCC23 (E) and HCC7 (F) containing high (○), low (□) and no
catfish mucus extract (∆) incubated for 63 days at 10°C.
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Figure 5.2

Survival of L. monocytogenes catfish isolates JS61 (A), JS41 (B) JS46 (C),
JS60 (D), HCC23 (E) and HCC7 (F) containing high (○), low (□) and no
catfish mucus extract (∆) incubated for 63 days at 22°C.
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Figure 5.3

Survival of Salmonella Typhimurium (A,B), Heidelberg (C) Blockley (D),
Hadar (E), Virchow (F) containing 375 µg/ml (○), 15 µg/ml (□) and 0
µg/ml (∆) catfish mucus extract incubated for 63 days at 10°C.
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Figure 5.4

Survival of Salmonella Typhimurium (A,B), Heidelberg (C) Blockley (D),
Hadar (E), Virchow (F) containing 375 µg/ml (○), 15 µg/ml (□) and 0
µg/ml (∆) catfish mucus extract incubated for 63 days at 22°C.
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